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ELECTRICITY AND MAGNETISM, 

7. In the following list, called the electric fierles, the 

tubslances are arranged in such order that each receives 
p/cj/V/rr charge when rubbed or placed in contact with any 
i the bodies following it, and a negative charge when rubbed 
fcrith any of those which precede it: 

1. Fur. 6, Cotton, 11, Sealing-wax. 

2. Flannel. 7. Silk. 12. Resins. 

3. Ivory, 8. The body. IH. Sulphur. 

4. Crystals. 9. Wood. 14. Gutta-percha. 
6. Glass. 10. Metals. 15. Giincottnn, 

For example, gluss when rubbed with_/«r receives a ntga- 
live charge, but when rubbed wilh silk (t receives a positive 
charge. 



CONDUCTORS AND JfON-CONTJUCTOnS. 

8. Only that part-of a dry glass rod which has been 
rubbed will be electrified; the other parts will produce 
neither repulsion nor attraction when brought near a sus- 
pended pith-ball. The same is true of a piece of sealing- 
wax or resin. These bodies do not readily f(iW«f/ electricity; 
that is, they oppose or resist the passage of electricity through 
them. Therefore, it can only reside as a charge upon that 
part of their surface where it is developed. Experiments 
show that when a metal receives a charge at any point, the 
electricity immediately passes or flows through its substance 
to all parts. Metals, therefore, are said to be ^v^ con- 
ductors of electricity. BtKlies have accordingly been 
divided into two classes, i. e. , Don-conductors, or Insu- 
lators, or those bodies which offer a very high resistance 
to the passage of electricity, and condnctors, or those 
bodies which offer a comparatively low resistance to its 
passage. This distinction is not absolute, for all bodies 
conduct electricity to some extent, while there is no known 
substance which does not offer some resistanci; to the flow of 
■''cjty. 
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In giving the following list and dividing the diflferent 
substances into two classes, it should be understood that it 
is done only as a guide for the student. Between these two 
classes are many substances which might be included in 
either list, and no hard or fast line can be drawn. 

Silver, 



Copper, 
Other Metals, 
Charcoal, 
Ordinary Water, 
The Body. 

Paper, 

Oils, 

Porcelain, 

Wood, 

Silk, 

Resins, 

Gutta-percha, 

Shellac, 

Ebonite, 

Parafiin, 

Glass, 

Dry Air, etc. 



> Conductors. 



NON-CONDUCTORS 
OR 

Insulators. 



EUSCTROBYKAMICS. 

0* In dealing with electric currents^ the word i>otcntlal 
will be substituted for the general and vague phrase elec- 
trical condition. 

The t^rrti potential^ as used in electrical science, is analogous 
with pressure in gases, head in liquids, and temperature 
in heat. 

When an electrified body positively charged is connecud 
to the earth by a condu(*tor, electricity is said to flow froui 
the body to the earth; and, conversely, when an electrified 
body negatively charged is connected to the earth in a 



$ R ELECTRICITY AND MAGNETISM. 

similar manner, t'lci'tririty is sai<l to flow from the earth to 
that body. This i.s called the direction of flow nf an 
electric current. That whii-h determines the iHrcctioH of 
fluw\s the relative f/iY/ri/-ii/ /<ofr«fi(i/, or pressure, of the two 
charges in regard to the earth. 

It is impossible to say with certainty in which direction 
eiei^tricity really flows, or, in other words, to declare which 
of two points has the higher and which the lower electrical 
potential, or pressure. All that can be said with certainty 
is that when ihtre is a difffrence of tleetrkal polenttat, or 
pressure, electricity tends to flow from the point o£ higher 
to that of the lower potential, or pressure. 

For convenience, it has been arbitrarily assumed and con- 
ventionally adopted that that electrical condition called /fii- 
th'c is at a higher potential, or pressure, than that called nega- 
tive, and that electricity tends to Anw from b. positively la 
a negatively electrified body. 

The zero or normal level of water is taken as that of the 
surface of the sea. and the normal pressure of air and gases 
as that of the atmosphere at the sea level; similarly, there 
is a sero potftitml, or pressure, of electricity in the earth 
itself. The earth may be regarded as a reservoir of elec- 
tricity of inflnite quantity, and its potential, or pressure, 
may therefore be taken as zero. 

The electrical condition called positive is assumed to be at 
I higher potential, or pressure, than the earth, and that called 
itgettive is assumed to be at a lower potential, or pressure, 
[i^an the earth. 

lO. It must be understood that electricity is a condition 
^cf ttiatter, and not matter itself, for it possesses neither 
weight nor dimensions. Consequently, the statement that 
electricity is ^ciiifw^ through a conductor must not betaken 
too literally ; it must not Iw; supposed that any material sub- 
stance, such as a liquid, is actually passing through the con- 
ductor in the same sense as water flows through a pipe. The 
Cthat electricity is flowing through a conductor is 
er way of expressing the fact that the conductor 
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and the spare surroundinj^ it are in diflFerent con<iitions than 
usual and that they jKissess unusual properties. The action 
of ele( tricity, however, is quite similar in many respects to 
the flow of licjiiids, and the study of electric currents is much 
simplified by the analoj^y. 

1 !• In order to produce what is called an electric cur- 
rent, // is first ficicssary to cause a difference of electrical 
f^otnttial between two bodies or between two parts of the same 
twdy. 

It was staled that when two dissimilar substances are 

oirtiply plarrd in < jmtart, one always assumes the positive 

^\iv\ th» Mfhf'f the negative condition; or, in other words, 

ft dff/et nti r (>/ r/n trieni f^otentiai is developed between the two 

JM»M MiK M jiiri r m| r«»ppcr and zinc in contact will develop 
^^ <ldl<irinr nf f'liM t I'ical potential which can easily be 
^It^ir* t« il Thr e,i,ii,,' resnits will follow if the plates are 
j^liglitly rtt jMi.itrMi (iMin each other and placed in a vessel 
^•ontai^in^4 h.dinr m in iilnlated water, leaving a small por- 
tion <'l one c imI oI f.ii h plate ex|)<)se(l. The exposed ends of 
\\\v zini- and ( npjMi .m- nnw elriirified to different degrees, 
,,r, i'l other wokI^, ihrir- iu a difhrenee of electrical potential 
between thciii, oiir plai,- W'\\\^ at a higher potential than 
th<- other. 

VVOien the ex|iosr(l tiuls aic eontu-eted by any conducting 
material, tlit- jiotentialbt-twec-n the plates tends to ^^i/^?/i>r 
and a nionH-ntary rush or diseharj^c of electricity passes 
bet ween the cxjioscd tMids ihrouj^li tlu' (onchu tor, and also 
between the siibniei^^ed ends throiij^h the liciiiid. During its 
piiKhaKt; throu^(h the li(|ui(l, the electricity causes certain 
(lienMeal c hanf^es to lake j)jace; these chemical changes 
(ause \\\ their turn a Iresh difference if potential between 
the |)lates, wlii< h is followed iniinediately by another equal- 
i/iiiK <1'^' i»'"K«', and that by a further dilVerence, and so on. 
Th«sc ( han^^es follow one another with ^reat rapidity — so 
ra|»i(lly, inlact, that it is inii)ossil)le to distinguish them apart, 
and I hey appear absolutely continuous. The equalizing flow 
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which is constantly taking place from one plate to the utht-r 
is known as a trontlnuoiis current of electricity. Conse- 
quently, an electric current becomes continuous when the 
difference of potential is constantly maintained. 

By the use of a very delicate instrument, the submerged 
aid of the copper is found to be electrified with a m-galivi' 
Charge, while the submerged end of the zinc is electrified 
with a posith'e charge. The direction of the current, there- 
fore, will be fratn the subiiieri^eii end of the zinc through 
the liquid to the submerged end of the copper, and from 

I the cxposid end of the copper to the i'.rf>osi-ii end of the 
nine. 
X'i. A simple voltaic, or galvanic, cell, Fig. 2, is an 
Apparatus for developing a continuous current of electricity. 
It consists essentially of a vessel containing saline or acid' 
ulated water in which are submerged two plates of dissimi 
lar metals, or one metal and a metalloid (as, for instance, 
carbon) . 

Electroljte is the name given to the liquid, which, as it 
b'ansmits the current, is decomposed by it. 

The two dissimilar metals. 
When spoken of separately, are 
lalled voltaic, or ^ilvaiito, 
{blements; and, when taken 
loUeclively, are known as t 
'Dltaic couple. 

voltaic, or gr^lvanic, bnt- 
r is a number of simple cells 
ropcrly joined together. 
I ^Electrodes, or polf^ of a 
(dl or battery are metallic ter 
^nalfi or connectors attached i- 

\ the exposed ends of the plates, and arc used to Liinncit 
! ceil or battery to any exterior conductor or to another 
1 or battery. 

fit should be remembered that the polarity of the sub- 
H'ged ends of the plates is always of opposite sign to that 
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of their electrodes. For example, in the case of the zinc- 
and-copper couple, the electrode fastened to the zinc would 
be spoken of as the negative electrode of the cell, while the 
zinc itself would be the positive element of the cell, its sub- 
merged end being /^^///7r. 

In any voltaic, or galvanic, couple, the element which is 
acted upon by the electrolyte will always be the positive 
element and its electrode the iterative electrode of the 
cell. 

13, The following list of voltaic elements composes 
what is called the electromotive series : 

1. Zinc. 5. Iron. 10. Silver. 

2. Cadmium. 0. Nickel. 11. Gold. 

3. Tin. 7. Bismuth. 12. Platinum. 

4. Lead. 8. Antimony. 13. Graphite. 

9. Copper. 

Any two of these metals form a voltaie couple and pro- 
duce a difference of potential when submerged in saline or 
acidulated water, the one standing first on the list being the 
positive element or plate, and the other the negative. For 
example, if nickel and graphite are used, the nickel will be 
acted upon by the liquid and will form the positive element; 
but if nickel and zinc are used, the ::inc will be acted upon 
by the liquid and hence will be \}a^ positive element. 

The difference of potential will be greater in proportion 
to the distance between the positions of the two substances 
in the list. For example, the difference of potential devel- 
oped between zinc and graphite is much greater than that 
developed between zinc and nickel ; in fact, the difference of 
potential develoi)e(l between zinc and graphite is equal to the 
difference of potential developed between zinc and nickel 
plus that developed l)etween nickel and graphite, 

Electricitv flowini^ as a current differs from static charges 
in three important degrees — namely, (1) its potential is 
much lower; (2) its actual quantity is greater; and (3) it is 
continuous. 
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A substance charji^ed from a strong vt>ltaic hat lory jx as- 
sesses the property <»t attracting^ Ji^ht substances in only 
the slightest degree; in fact, the attractions can only Ik» 
detected with the most delicate instruments. The /'<»/<v///<i/ 
of a current of electricity is comparatively Si> small that a 
voltaic battery compi^sed of a large numlx^r of cells is not 
sufficient to produce a spark more than one or two one-hun- 
dredths of an inch long in air, whereas a small, rapidly 
moving leather belt will sometimes pnxhice static sjKirks of 
more than an inch in length. The length of the sjxirk 
affords a means of estimating jKUentials, a high jx>tential 
being capable of producing a longer spark than a low jx>ten- 
tial ; but the length of spark gives us no means of estimating 
the current streiiKt*i or quantity of electricity flowing. 
The actual quantitYoi electricity is measured by the amount 
of water it will decompose. Gauged by this standard, the 
quantity of electricity produced by a voltaic cell no larger 
than a thimble would l>e found greater than that from a 
large, rapidly moving belt giving static sparks several inches 
in length. 

14. There are three different methods of connecting or 
grouping the cells in a voltaic battery: /;/ sirics; in par- 
allel^ or multiple-arc; in multiple-series. 

Cells are connected In stories when the positive electrode 
of the first cell is connected to the negative electrode of the 
second, and the positive electrode of the second is connected 
to the negative electrode of the third, and so on, as shown 
in the diagram. Fig. 3. In 

this we have adopted the K^p^^^p^p^^^p^ 
usual signs for representing ^' *' '^' *' 
a cell, the short, broad line ^"' '^ 

representing the positive electrode of the cell and the long, 
narrow line the negative electrode. In this method ^^i con- 
necting or grouping cells, when the negative electrode of 
the first cell is connected to the positive electrode of the 
last by some exterior conductor, the total current produced 
will flow successively through each cell. This method of 
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grouping is used when there is available a large number of 
/(07£/-potential cells and a high potential is desired, as in long 
telegraph lines or any other //f^A-resistance circuit. 

Iff* Cells are connected in parallel, or multiple-are, 
when the positive electrodes of all the cells are connected to 
one main positive conductor and all the negative electrodes 
are connected to one main negative conductor, as shown by 
.______-____-^ the diagram, Fig. 4. In 

K* W W jIT W j|> parallel, or multiple-arc, 
\\ >1 >1 >l si >l grouping, only a part of 

the total current flowing in 

Pig 4 

main conductors will pass 
through each cell. This method of grouping is used when 
it is desired to obtain a strong current from a number of 
cells (when the external re- ^,«__ 
sistancc is l(nv)y as in electro- f 
plating. * 

10. Cells are connected T 
in niultlple-serk^ by ar- ^ — 

ranging them in several 
groups, each group being composed of several cells connected 
in series, and then connecting all the groups together in 
parallel, or multiple-arc, as shown in the diagram, Fig. 6. 
This method is used where both a higher potential and a 
stronger current are required than any one cell of the g^oup 
will give. 

CIRCUITS. 

17. A circuit is a path composed of a conductor or of 
several conductors joined together, through which an elec- 
tric current flows from a given point around the conducting 
path back again to its starting point. 

A circuit is broken, or open, when its conducting ele- 
ments are disconnected in such manner as to prevent the 
current from flowing. 

A circuit is closed, or eoniplete, when its conducting 
elements are so connected as to allow the current to flow. 





Fig. 5. 
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A circuit in which the earth, or ground, formic part of th^ 
conducting path is called an earth, or a grrouuded, circuit. 

The external circuit is that part of a circuit which is 
outside or external to the electric source. 

The internal circuit is that part of a circuit which is 
included within the electric source. 

In the case of the simple voltaic cell, the internal circuit 
consists of the two metallic plates, or elements, and the 
electrolyte ; an external circuit would be a wire or any con- 
ductor connecting the free ends of the electrodes. 




18. Conductors are said to be connected In series when 
they are so joined together as to allow the current to pass 
consecutively through each. 
For example, Fig. 6 repre- 
sents a closed circuit con- 
sisting of a simple voltaic 
cell B and four conductors 
rt, b^ r, and d connected /// 
series, 

A circuit which is divided 
into two or more branches, 
each branch transmitting part of the main current, is a 
derived, or shunt, circuit, and the separate branches are 
said to be connected in pai-allel, or nmltiple-arc. An 
example of a derived circuit of two branches in parallel 

J is shown in Fig. 7. The 

main current flows first 
through the conductor a, 
then divides between the 
branches c and b^ and final- 
ly unites and completes the 
circuit through the con- 
ductor (I, the two braiu^hcs 
c and b being the conductors which are connected in par- 
allel^ or multiple-arc. The way the current divides and how 
the amount which will flow through the branches b and c 
is determined will be treated of later. 




1+ 
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Fig 7. 
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MA<iNET18M. 

10. Mnfmets are substances which have the properly 
of attracting pieces of inin or steel, and the term mo^m^t- 
iMiii is applied to the cause of this attraction. Ala^nrfisnt 
exists in a natural state in an ore of iron, which is known in 
chemistry as maffiutk oxide of iron, or magnetite. This 
magnetic ore was first found by the ancients in Magnesia. 
city in Asia Minor; hence, substances pos- 
L sessing this property have been called magnets, 
[t was also discovered that when a small bar 
f of this ore is suspended in a horizontal position 
by a thread, it has the property of pointing in 
a north and south direction. From this fact 
the name UMU^Uttie—ieading-stmie — was given 
to the ore. 

When a bar or needle of hardened steel is 

rubbed with a piece i)f lodestone, it acquires 

magnetic properties similar to those of the 

lodestone without the latter losing any of its 

Such bars are called ni-ttlletal magnets. 

magnets which retain their magnetism for a 

irc iali(-(l pffniiineiit iiiiiKnet>«. 

imon fnrm of artificial, or permanent, magnet, 

I bar of steel bent into the shape o{ a //orses/we 

lardened and magnetised. A piece of soft iron. 

irniutiiii', or a keeper, is placed across the two 

which heljjs to prevent the slcel from losing its 




magnet is dii>pcd inti. irnn tilings, the 
icird toward the two ends and adhere 
111,- i.>ward the center of the bar. half way 
. ,iid-i, ihcre is no such tendency. (See 
III Ml ihr magnet where there is \v appar- 
ii.i. iiMii is caik'd the iieiiinil line, and 
ilu luM -lids when- the aiiracti.in is great- 




pa»>s consists of a magiielized stet-1 ni-'eiile, Fig. 10, 
n-sling upim a fine point, so as to turn freely in a horizontal 
plane. When not in the vicinity 
other magnets or magnetized inm, i 
needle will always come to rest with one 
end pointing towards the north and the 
other towards the south. The end point- 
ing northward is the nortli-»«eckinfr 
pole, or, simply, the north polf, and the '^(^■9 

opposite end is the south-seekliifJT or ''""•■ '"■ 

south pole. This polarity applies as well to all magnets, 

If the north pole of one magnet is brought near the south 
pole ni another magnet, attraction takes place; but if two 
north poles or two south poles are brought together, they 
repel each other. In general, like magnetic poles repel one 
another; unlike poles atiraci one another. 

The earth is a great magnet whose magnetic poles coin- 
cide nearly, but not cjuite. with the true geographical 
north and south poR-s. A freely suspended magnet, there- 
fore, will always point in an approximately north and south 
direction. 

It is impossible to produce a magnet with only one pote. 
If a long bar magnet is broken into any numlwr of parts. 



each part wil! still be ; 
and a south one. 



magnet and have two poles a north 



a north ^^ 
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31. Magnetic substances are those substances which, 
although not in themselves magnets, that is, not possessing 
poles and neutral lines, are, nevertheless, capable of being 
attracted by a magnet. In addition to iron and its alloys, 
the following elements are magnetic substances: .Vifki'l, 
cobalt, fiiagaiiesc, oxygen, cerium, and chromium. These, 
however, possess magnetic properties in a very inferior 
degree compared with iron an<t its alloys. All other known 
substances are called non-ina^oetlc BObHtances. 



■ 


^^''IH^'?/ 


■ 





33. The space surrounding a magnet, in which any 

magnetic substance will be attracted or repelled, is called its 
ina^netlv Held, or, simply, its 
field. Magnetic attractions and 
repulsions are assumed to act in a 
definite direction and along imag- 
inary lines called tines of lutif;- 
netle fort-e, or, simply, lines 
of Tort-e, and every magnetic field 
is assumed to be traversed by such 
lines of force — in fact, to exist by 
virtue of them. Their position 
I'"'- " in any plane may be shown by 

placing a sheet of paper over a magnet and sprinkling fine 

iron filings over the paper. I h a ba mag 

lying on its side, the iron fil g 

will arrange themselves in cur c 

lines extending from the north 

the south pole, as shown in Fig 

A view of the magnetic fi c 

looking towards either pole o 

bar magnet would exhibit me 

radial lines, as shown by the fil ng 

in Fig. 12. 

Every line of force is assum d ^^/, ,,J„„l,\ii\ ,., 

to pass out from the north p 

make a complete circuit thro 

the surrounding medium, and p 
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through the magnet to the north pole again, as shown in 
Pig. 13. This is called the (//nr/ww of the lines of force, and 
the path which they take is called the magnetic circuit. 



\ \ f 




33. The direction of the lines of force in any magnetic 
ield can he traced by a small, freely suspended magnetic 
leedle, or a small compass such as indicated by in in Fig. 13. 
Che north pole of the needle will always point in the direc- 
lines of force, the length of the needle lying either 
tangent to the lines of force at that point. If the 
inoved bodily in the direction towards which the 
points, its center or pivot will describe a path 
with the direction of the lines of force in that 



magnetic field. 




of Ih.- lin.-s .'/for 



ill be ^ 
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Lines of force can never intersci-t oni' nnolher; when two 
opposing magnetic fields are brought together, as indi- 
cated by the iron tilings in Fig. 14 and Fig. 15, the 
lines of force fnim each will be crowded and distorted from 
their original direction imtil they coincide in direction with 




those opposing, and form a resultant field in which the 
direction of the lines of force will depend upon the relative 
strengths of the two opposing negative fields. The result- 
ing pfiles thus formed are called Cfniseqiient p<>les. 

In every magnetic field there are certain stresses which 
produce a tension along the lines of force and a pressure 
across them; that is, they tend to shorli-n themselves from 
end to end and to rcpfl one another as they He side by side. 

34. When a magnetic substance. is brought into a mag- 
netic field, the lines of force in that vicinity crowd together 
and all tend to pass through the substance. If the substance 
is free to move on an axis {but not bodily) towards the 
magnet pole, it will always come to rest with its greatest" 
extent or length in the direction of the lines of force. The 
body will then become a magnet, its south pole being situ- 
ated where the lines of force enter it and its north pole 
where they pass out. The production of magnetism in a 
magnetic substance in this manner is called magnetic 
Indiic-tlDii. The production of artificial magnetism in a. 
hardened steel needle or bar by cimtaci with Imlestone is 
one case of magnetic induction. 
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ir quantity, of magnetism is expressed 
by the total number of lines of force contained in a magnetic 
pircuit. 

HHfni^tlc denrfty is the number of lines of force passing 
lirough a unit area measured perpendicularly to their 
Jirection. 



ri 
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I' 25. If a cimductiir be placed parallel to the magnetic 
tixis of a compass needle and a current be passed through 
the conductor in either direction, the needle will tend to place 
itself at right angles to the conductor, as shown by arrows 

L: _ 

^Rsert a mutual force upon each other. From the definition 

B^ven in Art. 22, the space surrounding the conductor is a 

magnetic field. If the conductor is threaded up thr nigh 

a piece of cardboard, and iron hi ngs re spr nkled on 

the cardboard, they will arrange _ _ 

■.themselves in concentric circles 

lund the conductor, as repru 

3ited in Fig. 17. This effect will 

B observed throughout the enlirt 

ngth of the conductor and is 

Itus^ entirely by the current. 

t fact, every conductor convey 

[ a current of electricity can be 

jined as completely surrounded 

fa sort of magnetic ■ui/iirl, the 
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magnetic density decreasing as the distance from the current 
increases. (See Fig. 18.) 

20* If the current in a horizontal conductor is flowing 
towards the norths and a compass is placed under the con- 
ductor, Fig. 10, the north pole of the needle will 
be deflected towards the west ; by placing the com- 
pass mrr the wire. Fig. 20, the north pole of the 
needle will be deflected towards the east. By 
reversing the direction of the current in the con- 
ductor, the needle will point in the opposite direc- 
tion in each case, respectively. 

If the conductor is placed ot^er the needle and 
then bent back under it, forming a loop as shown 
in V\^. 21, the tendency of the current in both 
top and bottom portions of the wire is to 
deflect the north pole of the needle in the same 
direction. 

From these experiments, knowing the direction 
of current in the conductor, the following rule is 
deduced for the direction of the lines of force 
Fi«. 18. around the conductor: 

Kule. — If the current is floiinng in the conductor away 
from the observer ^ then the direction of the lines of force 



*M n 



s^ a 





Fig. 19. 



Fig. 30. 



Fig. 21. 



will be around the conductor in the direction of the hands 
of a watch. 
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The direction of the lines of force aioiind a conductor 
indicated in Fig. 22, where the current is assumed to 
tflowing downwards, that 
., piercing the paper. 



27. Two parallel 

lonductors, both trans- 

Vtnitting currents of clec- 

"l.tricity. are either muiu- 

■ ally attractive or repel- 

■ knt, depending upon the 
Ixelative direction of their 

^currents. If thecurrents 

l^e flowing in the same 

i^irection in both con- 

Sfluctors, as represented 

Fig. 23, the lines of 

rce will tend to sur- 

■ound both conductors 

^nd contract, thus attracting the conductors. 

Fthe 



^x IS I 

o be j 



urrents are flowing 





e lines of force lying between the conductors will have 
e same direction and therefore repel the conductors. 



SSt If the conductor carrying the current is bent 
e form of a loop, as in Fig. -^5, then all the lines 



of force ^^B 



around the condu'i:; r -a:.! 
same direction. Bv i-:- ;;- 
of several l-j-jp*. tr.t: '..r.t~ - 
cide with th'.'S^ aro;:r.i •'-- 
long lines of force wh:'- : 
entering at one end ar.d 



""-e I'-'p in the 
:•.■ a l--ng: lulix 
- : -pw-iil coin- 
rn::r.g several 
itr entire hetix, 
r_c ..thcT. The 




same conditions now exist in the helix as exist in a bar mag- 
net, i. e., the lines of inrccpass out from one end and aittr 
the other. In fact, the helix possesses a north and a south 
pole, a neutral line, and all the properties of attraction and 
repulsion of a magnet. If it is suspended in a horizontal 
fxisition and free to turn, it will come to rest pointing in a 
north -and-si 111 th direction. 

A helix made in this manner, armind which a current of 
elw'tricity is circnlatinK, is called a solenoid, 

ai>. Tht^ imlm-lty "f a solcnoi<l. that is, the direction of 
the lines nf force which thread lliroii)fli it. depends upon the 
n in which tin- conductor is cciik-d antl the direction 



direction i 
of the ' 

T.. dele 
direction.. 



n-cnt in llic condticlnr. 



larity nf a soldi. 



iny the 



II<il<-. Ill hA-iii;- .11 III.- ,11./ .'/ III. l/.-li.v. if It is s.> i. 
•li.tl III.- iini.ii' •ii'iil.'l.s .u.'iiihl !h.- Ii.-lix in tli.- i/ir 
./ ///,■ iMii.h .-I .1 ..:>/. I>. 'Ii:il • '"I ■■■'!! I- ■' """^' /"''■■ ■ 
til,- ,'tli.i .lin. /i.-ii. il :^'ill ':■ .' ".-r'/.' /-.■/, . 
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f>iled in a right-handed 
from the end where the 




Fig^. "i<l represents a condiicttir 

ilix. If the current starts to flo 

serA'cr stands, that end 
ill t>c a south pole and 

e observer will be looking g^m 

Tough the helix in lli, 
\rcction of the lines of 
hrre. i'ig- ai. 

The polarity of a solenoid can be changed by reversing 

le direction of the current in the conductor. 

SO. It has been stated that when a magnetic substance 
brought into a magnetic field, the lines of force in that field 
owd together, and all try to pass through that substance; 
, fact, they will alter their circular shape and extend a 
msiderable distance from their original position in order 
I pass through it. A magnetic substance, therefore, offers 
belter path for the lines of force than air or other non- 
agnetic siibstances. 

The facility afforded by any substance to the passage 
irough it of lines of force is called muKnetlc i»ennea- 
illty, or, simply, permeability. 

The />err»eadi/U_y oi all non-magnetic substances, such as 
r, copper, wood, etc. is taken as ], or unity. The permea- 
lity of soft iron may be as high as 3,000 times that of air. 
', therefore, a piece of soft iron he inserted into the mag- 
pie circuit of a solenoid, the number of lines of force will 
! greatly increased, and the iron will become highly mag- 
!tiz«d. 

'31. A magnet produced hy inserting a magnetic sub- 
ance into the magnetic circuit of a solenoid is an eleetnt- 
^ magnet, and the magnetic 

substance around which (he 
current circulates is called 
JV[ the core. (See Fig, 37.) 
The solenoid is 
termed the matrDetlsclog; 
coll. 




is generally ^^ 
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In the ordinary form of i;lcctnjmagnet, the magnetizing 
coil consists of a large number of turns of insulated wire, 
that is, wire covered with a layer or coating of some non-con- 
ducting or insulating material, usually silk or cotton; other- 
wise the current would take a shorter and easier circuit from 
one coil to the adjacent one or from the first to the last coil 
through the iron core without circulating around the magnet. 
The simplest form of an electromagnet is the bar magnet. 
As usually constructed, it consists 
of a straight bar of iron or steel B, 
fitted into a spool, or Iwbbin, made 
of hard vulcanized rubber or some 
other inflexible insulating ma- 
terial. The magnetizing coil of 
fine insulated copper wire w is 
wound in layers in the bobbin, as 
shown by the cross- section in 
Fig. as. 

' "■ ■*■■ The rule for determining the 

polarity of a solenoid is the same for an electromagnet. 
It makes no difference whether the wire is wound in one 
layer or in any number of layers, or whether it is wound 
towards one end and then wound back again over the previ- 
ous layer towards the other end; so long as the current 
circulates continually in the same direction around the core, 
the polarity of the magnet will remain unchanged. 

33. The most convenient form of electromagnet for a 
great variety of uses is the korsfslioi\ or \i-sli<ifK-<i, electro- 
magnet, Fig. 30. It consists of a bar of iron bent into the 
shape of a horseshoe with straight ends and provided with 
two magnetizing coils, one on each end of the magnet. The 
two ends which are surrounded by the coils are the ^ores of 
the magnet, and the arc-shaped piece of iron joining tlieiD 
together is known as the yoke of the magnet. The ordinary- 
U-shaped electromagnet is made in three parts, namely, 
two iron tores wound with the magnetizing coils, and B 
straight bar of iron joining the two cores together for a yoke. 



as shown in Fig. 29. In looking at the free ends of t 
cores, Fig. 30, the current should circulate around ( 
in an opposite direction 
to that around the other. 
If the current circulates 
around both cores in the 
direction, the lines 
of force produced in the 
cores, respectively, 
ipose one another, 
forming two like poles 
at their free ends and 
a consi'ijuent pole in the yoki 
of force produced by both 



1^' 





I the magnet will exhibit only a small amount of mag- 
Hie attraction. 

Another common form of electromagnet is known as the 
Irou-elad electromagnet. In its simplest form, Fig. 31, it 
contains only one magnetizing coil and one core. The 
is fastened to a disk-shaped iron yoke, and the magnetic 
circuit is completed through an iron shell which rises up 
from the yoke and completely surrounds and protects the 



L 




26 ELEMENTS OF §8 



ELECTBIC.VL I^XITS. 

33. The three principal units used in practical measure- 
ments of a current of electricity are: 

The ampere, or the practical unit denoting^ the rate ofjlaw 
of an electric current, or the strength of an eitctric current. 
The ohm, or the practical unit of resistance. 
The volt, or the practical unit of cleciricai potential^ or 
pressure. 

Electromotive force, written E. M. F., or simply E., is 
the total generated difference of potential in any electric 
source or in any circuit. For example, the total difference 
of potential developed between the plates of a simpl? voltaic 
cell would be the electromotive force of that cell. 

Ordinarily, the term electromotive force is used to express 
any difference of potential between two points. 

The relation of these three practical units will be better 
understcH>d by the analogy of the flow of water through a 
pipe. The force which causes the water to flow through the 
nipe is due to the head, or pressure ; that which resists the 
^^ is the friction of the water against the inside of the pipe, 
J the amount will vary with circumstances. The rate 
/- A»«S ^^ ^^^^' current ^ may be expressed in gallons per 
^^ ,ii^ and is a ratio between the head, or pressure, and the 
caused by the friction of the water against the 
of the pipe. For, as the pressure, or head, increases, 
-^of flo^' ^^^ current increases in proportion; as the 
^^ - imCTtekSeSy the current diminishes. 

of electricity flowing through a conductor, the 

Utrcty ox potential, corresponds to the pressure, 

^9(1^^ and the resistance which a conductor offers 

^^teCtricity to the friction of the water against 

fllt^lf^C'A ofo^i rAv/z/r current^ or the rate of 

itabo a ratio— the ratio of the electromo- 

UMlanceuf the conductor through which 

This ratio as applied to electricity 

Wl^^Ci* S. <^^^^"^^ ^^»Hl has since been 
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34. Olint's T^aiv. — The strength of an eleetrie eurrent in 
any circuit is directly proportional to the electromotive force 
developed in that circuit and inversely proportional to the 
resistance of the circuit ; i. e. , // is equal to the electromo- 
tive force divided by the resistance. 

Ohm's law is usually expressed algebraically thus: 

^ , - electromotive force 

Strenjrth of current = ; . 

resistance 

If the electromotive force {E) is expressed in volts and 

the resistance (R) in ohms^ the formula will give the 

E 
strength of current (C) directly in amperes; thus, C — -ry 

Before giving examples of the application of Ohm's law, 
the value and significance of each unit will be treated sep- 
arately. 

35. The Ampere, or tlie Unit Strengrtli of Cur- 
rent. — The strength of an electric current can be described 
as a quantity of electricity flowing continuously every sec- 
ond, or, in other words, it is the rate of flow of electricity, 
just as the current expressed in gallons per minute is the 
rate of floiv of liquids. When one unit quantity of electricity 
is flowing continuously every second, then the rate of flow, 
or the strength of current, is one ampere ; if two unit quan- 
tities are flowing continuously every second, then the strength 
of current is tivo amperes^ and so on. It makes no difference 
in the number of amperes whether the current flows for a 
long period or for only a fraction of a second; if the quantity 
of electricity that would flow in one second is the same in 
both cases, then the strength of the current in amperes is 
the same. 

The international ampere is defined as the strength of an 
unvarying current, which, when passed through a solution 
of nitrate of silver and water, deposits silver at the rate of 
.01725 grain per second. 

Electricity possesses neither iveight nor extension, and 
therefore an electric current cannot be measured by the 
usual methods adopted for measuring liquids and gases. 
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In liquids, tiie strength >»( the current is detennined by 
measuring or weighing the actual quantity <A the liquid 
which has parsed between two points in a certain time and 
dividing the result by that time. The strength of an elec- 
tric current, on the contrary, is determined indirectly by 
the effect it pr'xluces. and the actual quantity of electricity 
which has passed between two points in a certain time is 
afterwards calculated by multiplying the strength of the 
current by the time. 



J(0, The princifjal effects produced by an electric cur-* 
rent arc j^iven in Art. 3; of these, the one most generally 
used for measuring is the action of the current upon a 
magnctii- needle, as shown in Art. 29. The instrument 
cr)mni'>n]y usc<l in laboratory practice for measuring and 
detertinf; small rurrents of electricity is called the galTB- 
nonu-tfr. 

Thu action of the galvanometer is based upon the princi- 
ple t^iven in Art. <f5, where a magnetic needle, freely sus- 
[lenderl in the; center of a looped or coiled conductor, is 
deflected by a current of electricity passing around the coil, 
or lnop. In ordinary practice, the needle is suspended 
either u|Kin a pivot pnijecting into an agate cup fixed in 
the needle, <ir by a fiber suspensiim, as shown by F in 



Fig. :yi. In the simple] 
netic needle itsi 




of galvanometers, the mag- 
' a dial graduated in degrees; 
in other forms, a light index 
needle is rigidly attached to 
the magnetic needle and swings 
over a similar dial, as indicated 
by / in Fig, :]■>: and in the 
more sensitive galvanometers. 
Fig. :{:{, a small reflecting mir- 
ror is attached to the fiber 
suspension and reflects a beam 
of light upon a horizontal scale 
situated several inches from 
the galvanometer. 
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In any of these galvanometers, when no current is flowing 

J the coils, the needle should point in a direction parallel to 

klie length of the coil. Fig. o4. The measuring of currents 

py most galvanometers depends upon the magnetic needle 

eing held in this position hy the magnetic attraction u£ thu 





hrth's magnetism or the attraction of some adjacent mag- 
t. When a current of electricity passes around the coil, 
tendency is to deflect the magnetic needle at right 
'angles to its original position, as explained in ArL 33, 
while the tendency of the earth's magnetism is to oppose the 
movement. The couple 
iiereby produced will 
Buse the needle to he 
iflected a certain num- 
r of degrees from its 
riginal position, de- 
coding upon the rchi- 
ivc strengths of the 
magnetic fields, 
"he stronger the cur- 
in the coil, the 




rater the deflection. With 
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galvaiKimettr of standard dimensions and a magnetic field of 
known strength, such as the earth's magnetism at a conve- 
nient place on its surface, a strength of current can be con- 
ventionally adoptc<l as a unit which will produce a certain 
deflection; all other galvanometers can be calibrated from 
this standard, and their dials graduated to read the strength 
of current directly in the conventional unit adopted. 



•il. Commercial and portable instruments are devised 
for measuring the strength of current directly in amperes^ 
and are called iiiniifit' meters, or simply ammelcrs. The 
action of the current Howing through the coils in these 
instruments causes small magnetic needles or other coils of 
wire to act cither against the tension of springs or against 
gravitational forces. The majority of ammeters are pro- 
vided with an index needle which travels over a scale or 
dial graduated in divisions, each division representing one 
ami)ere or fractions or multiples of one ampere. 

I'ig. ;t5 shows the general form of a standard Weston 
Himiietor used for commercial testing purposes. The 
strength of the current flowing in a circuit can be measured 
directly in amperes by opening the circuit at any convenient 
place and connecting the two ends thus fi>rmcd to the bind- 
ing p'wt /• and /'. The direction of the current in the circuit 
should be determined 
beforehand, so that it 
jiasses iii/o the instru- 
ment by the binding 
post marked with the 
positive {-{-) sign; other- 
wise the inde.x needle 
will he deflected oflf the 
scale in the wrong direc- 
tion, which is liable to 
damage the instrument 
and cause error in read- 
gh in the jiroper direc- 




F 
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38. ThoOhm, oi- the TuU of Reslstauc-e.— In Art. 8 
it was stated that the resistance varied in different snb- 
stances; that is, one substance offers a higher resistance to 
a current of electricity than another. Electrical resistance, 
therefore, can be defined as a property of matter, varying 
rvith different substances, and in virtue of which such niat- 

;r opposes or resists the passage of electricity. 

The resistance which all substances offer to the passage of 

in electric current is one of the most important quantities 

electrical measurements. In the first place, it is that 

'hich determines the strength of an electric current in any 

■cuit in which a difference of potential is constantly main- 

jned, as shown by Ohm's law ; and in the second place, the 
mit of resistance, the u/iiti, is the only unit in electrical 

leasurements for which a material standard can be adopted, 
ither quantities being measured by the effect they produce, 
'he basis of any system of physical measurements is gcner- 

y some material standard conventionally adopted as a 

lil, physical measurements in each system being made by 

■mparison with the unit of that system. 

The unit of electrical resistance now universally adopted 

called the International ohm. One international ohm 
IS the resistance offered by a column of pure mercury 
10i;.3 centimeters in length and 1 square millimeter in sec- 
tional area at 32° F., or the temperature of melting ice. The 
dimensions of the column expressed in inches are as follows: 
length, 41.85 inches; sectional area. .00155 square inch. 
Hereafter the word "international" will be omitted and 
simply the word "ohm " used; the inltrnational ohm, how- 
ever, a.~. defined above, will always be implied unless other- 
wise stated. 

If a given conductor offers a resistance of 4 ohms to 

rarrcDt of I ampere, it offers the same amount, no more 

r less, to a current of 10 amperes. Hence, the resistance 

f,a given eoitditctor at equal temperatures is always constant ^ 

WeSpKtive of the strength p/ current Jloiving through it or 

M electromotive force of the current. 
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40. If the length of a conductor be doubled, its resist- 
ance will be doubled ; that is, the resistance of a given con- 
ductor increases as the length of the conductor increases, 
the resistance being directly proportional to the length of 
the conductor. 

When it is required to find the resistance of a conductor 
of which the length is varied, and other conditions remain 
unchanged, the following formula may be used : 

r, = ^^'''. (1.) 

In this formula 

r, = the original resistance ; 

r, = the required or changed resistance ; 

/j = the original length ; 

/, = the changed length. 

As in all examples of proportion, the two lengths must be 
reduced to the same unit. 

By this formula, we see that the resistance of a conductor 
after its length is changed is equal to the original resistance 
multiplied by the changed lengthy and the product divided by 
the original length. 

Example. — Find the resistance of 1 mile of copper wire, if the 
resistance of 10 feet of the same wire be .013 ohm. 

Solution. — rx = .013 ohm; /» = 10 feet; A = 1 mile r= 5.280 feet. 
Then, by formula 1, the required resistance 

.013X5.2SO ^ _. , , 

r, = = 6.S64 ohms. Ans. 

41. If the sectional area of a conductor is doubled and 
other conditions remain unchanged, the resistance will be 
halved. We may, then, obtain the value of the resistance 
of a conductor for any change in sectional area by the fol- 
lowing formula: 

^ = 'if. (2.) . 
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in which r, = the original resistance of the conductor ; 
r, = the changed resistance ; 
a^ = the original sectional area ; 
a^ = the changed sectional area. 

From the relations here expressed, it will be seen that the 
resistance varies inversely as the sectional area ; that is, f/ie 
resistance of a given conductor diminishes as its sectional 
area increases. 

The resistance of a conductor is independent of the shape 
of its cross-section. For example, this shape may be circu- 
lar, square, rectangular, or irregular; if the sectional area 
be the same in all cases, the resistances will be the same, 
other conditions being similar. 

Example. — The resistance of a conductor whose sectional area 
is .035 sq. in. is .82 ohm; what would be the resistance of the con- 
ductor if its sectional area were increased to .125 sq. in. and other 
conditions remain unchanged ? 

Solution. — r^ = .32 ohm; ax = .025 sq. in. ; and a-x = .125 sq. in. 
Then, by formula 2, the required resistance 

r, ai .32 X .025 ^^. . . 

rn = — — - = r^r= — = .064 ohm. Ans. 

Ui .125 

Example. — The sectional area of a certain conductor is .01 sq. in. 
and its resistance is 1 ohm ; if its sectional area be decreased to .001 s(}. in. 
and other conditions remain unchanged, what will be the resistance ? 

Solution. — ri = 1 ohm; «, = .01 sq. in., and a^ = .001 sq. in. By 
formula 2, the resistance 

1 X .01 .^ . . 

''a = — aTTi — = 1^ ohms. Ans. 
.001 

42. When comparing resistances of round copper wires 
the following formula is used : 

r ly 

in which r^ = the original or known resistance; 
r, = the required resistance; 
D = the original diameter; 
d = the changed diameter. 

This formula is based (m the rule that, since the sectional 
area of a round conductor is proportional to the square of 
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its diameter (sectional area = diameter'' x .7S54), ///r /-^^/.v/- 
ancc of a round conductor is inversely proportional to tJtc 
square of its diameter. 

KxAMPLE. — The resistance of a round copper wire .2 in. in diameter 
18 45 ohms; from this calculate the resistance of a round copper wire 
.3 in. in diameter, other conditions remaining the same in both cases. 

Solution. — In this example, ri = 4.') ohms; /) = .2 inch; and d — 
.3 inch. Hence, by formula 3, the required resistance 

45 X .2- 45 X .04 ^,, ^ 

r, .= — 2,- - = —^9 - = 20 «hms. Ans. 

ExAMPLK. — If the resistance of a roun<l German-silver wire ^ in. 
in diameter is 12.6 ohms, what is the resistance of a round (lerman- 
silver wire ^^g in. in diameter, other conditions beinjr equal in the 
two cases ? 

Solution. — In this example, ri = 12.0 ohms; D = \ — .125 inch; and 
if=zj\ = .0625 inch. Hence, by formula 3, 

;-, = — -T.o.T.ri = 50.4 ohms. Ans. 

43t The resistance of two or more conductors connected 
in series (Art. 14) is equal to the sum of their separate 
resistances. For example, if four conductors havinj)^ separate 
resistances of S, 12, 22, and 34 ohms, respectively, are con- 
nected in series, their total or joint resistance would be 
S + 12 + 22 + U - 7<> ohms. 

44-. The iiilfroliiu is a unit of resistanc c devised to 
facilitate calculations and measurements of exceedingly 
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small resistances, and iseciual U-^ one millionth \ - - ) 

an oJim. Hence, to express the resistame in microhms, 
multiply the resistance in ohms hy l,0()0,()on; and, con- 
versely, to express the resistance in ohms, divide tlie resist- 
ance in microJims by 1, ()()(), ooo. l'"<>r rxamplc, .^."i ohm 
= .75 X 1,0()(),()()() — 7:)(),0()0 microhms; or, ;:)(). ooo microhms 
= 750,000 -4- 1,000,000 rz .::, (,hm. 

4i>. The jneKol»"» is a unit of rcsistanrr drvisi-d to 
facilitate cal(*ulations an<l measurements of exeeedinj^ly 
lar^e resistances, and is ecjual t«) 1. ooo. ooo <.lnn^. There- 
fore, to express the rt'sistanee in mci^chins, divide the 
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resistance in ohiris by 1,000,000; and, conversely, to express 
the resistance in ohms, multiply the resistance in mtgohms by 
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.85 megohm = .85 X l.OOO.dOU = S.'iO.OOO ohms. 
'he megohm is used chiefly to measure the resistance of 
id conductors ami insulators. 

4fi. In order to compare the resistances of different sub- 
stances, the dimensions of the pieces to be measured must 
be equal; for, by changing its dimensions, a good conductor 
may be made to offer the same resistance as an inferior one. 
Under like conditions, annealed silver offers the least resist- 
^^nce of all known substances. Soft, annealed copper comes 
Hnext on the list, and then follow all other metals and 
^Hpnductors. 

^B The resistance of a given conductor, however, is not always 
constant; it changes with the temperature of the conductor. 
In all metals, the resistance increases as the temperature 
rises; in liquids and carbons, the resistance (/ccri'dJi'J as the 
temperature rises. The amount of variations in the resist- 
ance caused by a change in temperature of one degree is 
J called the temperature eoefHclent. The temperature 
>eflicients for the common metals are given in Table I for 
> Fahrenheit. These coefficients, however, only hold 
true for a limited change of temperature, and should not be 
used with extreme changes. The rules given below, making 
use of these coefficients, are not absolutely accurate, but 
enough so for practical purposes. To be strictly correct, the 
fioantity r, in formula 4 below should, in each case, repre- 
lent the resistance at the freezing point. 
To find the resistance of a conductor after its temperature 
s risen, knowing its original resistance and the number of 
legrees rise, other conditions remaining unchanged: 
I Let r, = the original resistance; 

r, = the resistance after a change in temperature; 

k — the temiieralure ctn-flicient: 

/ =: rise or fall in temperature, degrees Fahrenheit. 



, H. 5-. ;/,-; 



enheit. ^^^H 
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Then, for a rise in temperature, 

r, = r, (1+/^). (4.) 

That is, the resistance of a conductor after its temperature 
has risen may be obtained by multiplying the original resist- 
ance by 1 plus the product of the number of degrees rise and 
the temperature coefficient. 

Example. — The resistance of a piece of copper wire at 32^ F. is 
40 ohms ; determine its resistance when its temperature is 52" F. 

Solution. — ^ = 40 ohms ; 

k = .002155 (from Table I); 
/ = 52 — 32 = 20 degrees. 

By formula 4, the required resistance 
r, = ri(l 4- />6) =40(1 +20x .002155) =40 X 10431 =41.724 ohms. Ans. 

47. To find the resistance of a conductor after its tem- 
perature has fallen, knowing its original resistance and 
the number of degrees fall, other conditions remaining 
unchanged : 

For a fall in temperature, r, = ' , . (5.) 

That is, the resistance of a conductor after its temperature 
has fallen may be obtained by dividing the original resistance 
by one plus the product of the number of degrees fall and the 
temperature coefficient. 

Example. — The original resistance of a piece of (ierman-silver wire 
is 16 ohms; find its resistance after its temperature has fallen 23' F. 

Solution. — A* = 16 ohms; 

k = .000244 (from Table I); 
/ = 22^ F. 

By formula 6, the required resistance 

''' = TVTk = r-r22 X .(KH)244 """ \AmmH ^ ^'' -'^-^'^ "^^"^^- ^^"^• 

48. Specific reslstanoe is the term i^iveii to the resist- 
ance of substances of unit lenji^th and iinii sectional area 
at some standard temperature. In what follows, the specific 
resistance of a substance is the resistance of a piece of that 
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'substance 1 inch in length and I square inch in sectional 

area at 33° F. , that is, at the temperature of melting ice; 

this may also be expressed as the resistance of a cube of that 

substance taken between two opposing faces. 

I A list of the common metals is given in Table I, in the 

Hrrder of their relative resistances, beginning with silver, 

Rrhich offers the least resistance. The first column of figures 

gives the specific resistance, in microhms, of 1 cubic inch of 

the corresponding metal at 32° F. By applying formula 1, 

the resistance of any conductor of known dimensions which 

is made of one of the metals in the table can be determined. 

The second column of figures gives the relative resistance 

of the different metals compared with silver. For example, 



h 



Silver, annealed 

Copper, annealed 

Silver, hard-drawn . . . 
Copper, hard-drawn . . 

Gold, annealed 

Gold, hard-drawn 

Aluminum, annealed , 
Zinc, pressed 

I Platinum, annealed... 
Iron, annealed 
Nickel, annealed 
Tin, pressed 
X>ead, pressed 
German Silver 

Antimony, pressed. . . 

Mercury 

Bismuth, pressed 



t 



Resistance, 
Microhms per 



.5921 
.62U3 
.0433 
.0433 
.8102 
.8247 
1.1470 
2.2150 
3.5660 
3.8250 
4.9070 
6.3020 
7.7280 
X.240O 
13.9800 
37.1500 
51.0600 
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the resistance of mercury is 02.73 times the resistance of 
silver, or the resistance of iron is 6.46 times the resistance of 
silver, and so on. 

Example. — Find the resistance in ohms of a round column of mer- 
cury 70' high and 0.5' in diameter. Ans. 1.3244 ohms. 

Example. — Find the resistance in ohms of 1 mile of square iron 
wire (annealed) .1' on a side. Ans. 24.2352 ohms. 

49. In a simple voltaic cell, the internal resistance — that 
is, the resistance of the two plates and the electrolyte — is of 
great importance, for it determines the maximum strength 
of current that can possibly be obtained from the cell. In 
the common forms of cells, the internal resistance may be 
excessively large, owing to the resistance of the electrolyte, 
the specific resistance of ordinary liquids used as electro- 
lytes being from 1 to 20 million times that of the common 
metals. In liquids, as in all conductors, the resistance 
increases as the length of the circuit increases, and dimin- 
ishes as its sectional area increases. Hence, the internal 
resistance of a simple voltaic cell is reduced by decreasing 
the distance between the plates or elements and by increas- 
ing their active surfaces. The internal resistance of the 
ordinary forms of cells varies from about .2 to 20 ohms. 

50. For practical and commercial testing, the standard 
column of mercury, representing the resistance of 1 ohm, 

has been replaced by a coil of 
wire, usually a platinum-silver 
alloy. The coil is carefully 
calibrated to offer a resistance 
of exactly 1 ohm at some 
convenient temperature, and 
is enclosed in a metallic case, 
the connections to the two 
ends of the coils being made 
by two heavy terminals of cop- 
per wire passing up through 
the liar(l-rubi)cr cover. Such 
Fig. 36. coils. are known as standard 
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0/iiu coits. Tlie c 
shown in Fig, 3ii. 



iif st.indani niun i 



61. A device called a reslstnnt-e box or 
largely used for reducing or controlling the 
currents in various circuits. Such 
rheostats are connected directly 
or shunt with the cir- 
cuit, and are termed diad resist- 
ancfs. The resistance in these 
irheostats is usually made adjust- 
able; that is, the amount of resist- 
ance which they offer may be 
.varied at the will of the operator 
by the use of a sliding contact 
or by removable plugs. Rheo- 
stats in which the amount of 
resistance is varied by sliding 
contacts are used mostly where 
accuracy is of less importance 
where the currents are com- 
laratively large. ^ 8- 

Fig. 37 shows a typical form of sliding-contact rheostat. 
in this particular rheostat, the coils of resistance wire are 
connected to a row of contact 
pieces D, as shown in the dia- 
gram. Fig. 38. The current 
enters the rheostat through 
the terminal A, passes through 
the movable arm C, and then 
through all the resistance 
coils between the contact 
piece on which the arm rests 
and the terminal A. When 
the arm rests upon the first 
contact piece, as shown by 
1 the resistance is said to 
nt passes through all 





lid to A 
11 the ^ 
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coils. By moving the arm to the left, towards the termi- 
nal B, as shown by the dotted lines, the coils connected to 
the contact pieces which have been passed over by the arm 
are said to be ck/ oii! of circuit, and the current passes 
through the remaining coils only. 

52. Rheostats in which the resistance is adjusted by 
means of removable plugs are employed in laboratory prac- 
tice, where small currents are used and where great accuracy 
is required. The resistance coils in these rheostats are 
enclosed in a wooden box, and the actual resistance of each 
coil is carefully determined. A resistance box offering 
10,000 ohms resistance is shown in Fig. 3ft, the separate coils 
offering resistances from 1 ohm up to S,ono ohms. The 




operation of adjusting the resistance hy means of the remov- 
able plugs can be seen from the diagram in Fig, 40. The 
contact pieces a, b, c, etc. are arranged side by side on the 
lop of the case and are separated from one another by a small 
air space. The ends of each contact piece are provided with 
a tapered rere-ss in such a manner as to allow a metallic 
plug to be inserted between them and thereby connect the 
two together electrically. The current passes into the 
rheostat by the terminal A, and when all the plugs are 
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Vremoved flows consecutively through all the coils /. 2, S, 4, -5, 
and to the terminal B. The total resistance of the rheo- 
stat can be lowered by inserting the plug /' between the 
contact pieces; this operation s/iorZ-circui/s, or futs out, the 



^A- 



'ML 



tarticular coil connected to the two contact pieces, or, in 

jbther words, the current, instead of flowing through the coils, 

s directly from one contact piece to the other through 

4ie metallic plug. 

53. Electrical resistance may be measured by an appa- 

■ Tatus called a Wheatstone hrld^re. A bridge, when com- 
Kpleted, ready for taking measurements, consists of three 
Imain parts: (1) an adjustable resistance box containing a 
Knumber of coils, the exact resistance of each coil being 
Bbnown ; (2) a galvanometer for detecting small currents ; and 
l;(3) a battery of several cells. The coils of the resistance 
I'liox are divided into three groups, two of which are called 

"oportlonal or balanct.' arms, .ind the third is known 
I the adjustable arm. Each proportional arm is com* 
■^sed of three and sometimes four coils of 1, 10, 100, and 

■ 1,000 ohms resistance, respectively. The adjustable arm 
ijContains a large number of coils ranging from .1 ohm up to 
tlO.OOO ohms. 

The operation of the bridge depends upon the principle of 

B.tiie relative diiterence of potential between two points in a 

;:^ivided circuit of two branches. The electrical connections 

F the bridge are shown in the diagram, Fig. 41. Ai repre- 

Knts the resistance of one of the balance arms, which will be 

d for convenience the upper balance arm ; N represents 

e resistance of the other balance arm, which v 

t lower balance arm; P represents the resistance c 



i\ represents i 

ill be termed ^^H 
tance of ^U^^^| 
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adjustable arm, and -V represents an unknown resistance, 
the value of which is to be determined. One terminal of the 
detecting galvanometer G is connected at r, the junction of 
the upper balance arm and the unknown resistance; the 
other terminal is connected at d, the junction of the lower 
balance arm and the adjustable arm. One pole of the bat- 
tery is connected at a, the junction of the two balance arms; 
the other pole at d^ the junction of the adjustable resistance 
and the unknown resistance. The current from the battery 
divides at a, part of it flowing through resistances M and A\ 
and the rest through jV and P. When the resistances J/, iV, 

Pf and X fulfil the proportion -jrf = p, then the two points c 

and d will have the same potential, and no current will flow 




H!i;i!l!l|- 

B 



Fig. 41. 



through the galvanometer G. Since the resistances of J/, iV, 
and y^ are known, the resistance of X will be given by the 

fundamental equation A' = ^. , X Py when the arms are so 

J. V 

adjusted as to cause no deflection of the galvanometer. For 
example, suppose that the two ends of a copper wire are 
connected to the terminals /; and r, and after adjusting the 
resistance in the arm so that the galvanometer shows no 
deflection, the resistances of the different arms read as fol- 
lows: J/ = 1 ohm, .V = 100 ohms, and /*= \ 12 ohms. Then, 
substituting these values in the fundamental equation gives 

X=z -"^(x /'= ~-^ X 112 == J. 12 ohms. 
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J»4. The artual various forms of resistance Ihjxl-s used 
wiih the bridges differ widely from the diagram, lint all are 
based ufxjn this same principle and fundamental equation. 
A common pattern of resistance box for this purpose is con- 
structed similar to the adjustable rheostat, as previously 
described, where the adjustments are made with removable 
plugs. Ordinarily, the contact pieces are arranged in the 
shape of a letter S, and the galvanometer and battery cir- 
cuits are connected as shown in Pig. 43. The position of 
the two balance arms and the adjustable arm can be readily 
seen by comparing the connections of the battery and 
galvanometer circuits with those in the original diagram. 
A' and A" represent keys for opening the circuits when the 




pdugs are withdrawn or inserted in varying the resistance or 

irhen the bridge is not in use. In this particular case, the 

n,000-ohm plug in the upper balance arm is supposed to be 

■awn, and therefore M = 1.000 ohms. In the lower bal- 

iDce arm the 10-ohm plug is supposed to he drawn, and 

lerefore N = 10 ohms. In the adjustable arm the follow- 

feg plugs are supposed to be drawn : 1, 2, 5, 10, 20, 100, 'iOO, 

"son, 3,000, and 3,000 ohms; therefore, the resistance P is 

the sum of these resistances, or 5,838 ohms. If, under these 

conditions, there is no deflection of the galvanometer when 

: two keys A' and A" are pressed and both circuits are 

sed, the resistance of X will be 583,800 ohms; for, sub- 

Kituting the values of ^f, IV, and P in the fundamental 

iationgives.V=~X P^^-^^X 5,838 = 583,a(m -.!ims. 
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V Fig. 43 shows a special pattern of resistance box for a 
r Wheatslone bridge, in which the coils of the adjustable arm 
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arc arranged in the form of four dials. This pattern is known 
as the t/ia/ pattern, and is widely used in making resistance 
measurements. 

EXAMPLB.— The diagram in Fig. 44 represents a particular type of 
Wheatstone'ft bridge in which a balKry anJ ga1vani>meter are properly- 
connected (or measuring unknown resistances. An unknown resist- 
ance -f 19 connected X" the terminals ^ and //. when the plugs a. .-./, 




I 



g i k m. q. and / are drawn, and when both the contact keys A' and ^ I 

are pressed, the galvanometer shows no deflection. Determine th« J 

resistance of J. < I 

Solution.— From the conneclinna of the galvanometer and batterjr j 

■cuita it will be seen thai the resistance coils in line C If represent I 

IheuHrerbulancearm.l/ofthebridge; that ihe coils in the line ^^ ll 
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represent the Inwer tolatice arm A'; ami that the coils in the line? 

■A ^anrt CD represent Ihe adjustable arm P. From the fundamental 

/equation of the Wheatstone bridge, X (the unkntiwn resistance) = 

< P. In this particular case, the plug / in Ibe upper arm isdrawn ; 



L, M= 10 ohms; in the h 
ibms; and in the adjustable a 
i; hence. P= I.OIXi + U 



er arm f isdrawn; hence, ,V= 1,000 
1, the plugs ■(. f.f,g. i. I: and w are 

+ 50 + a) 4- 1" + 3 + I = l.lflS ohms. 



ibstituting these values in the fundamental equation gives X~ '^^ 



55. The Volt, or the Practical Unit of Eleoti^- 
taotlve Por<!«. — In mechanics, pressures of all kinds are 
measured hy the fffcc Is they produce; similarly, in electro- 
lechntcs. potential is measured by the effect it produces. 

It has been shown that electrical potential will cause an 

plecCric current tn flow against the resistance of a conductor, 

.nd also how the units of resistance and current are obtained. 

It follows that a ««/V/cfc«//Vr/ would be that electromotive 

[orce which would maintain a current of unit strength in a 

:ircuit whose resistance is unity. By definition, therefore, 

he volt, or the practical unit of potential, is that electro- 

notive force which wili maintain a current of one ampere in 

1 circuit whose resistance is one ohm. With a known resist- 

iUce in ohms and a known strength of current in amperes, 

electromotive force in volts is determined by Ohm's law, 

. 34, for, by transposing. E ■= C R. 

This method of determining the potential of a circuit can 

i readily shown by the following illustration: Suppose, for 

ample, it is desired to determine the electromotive force 

volts required to drive a current of % amperes through a 

certain copper wire. In the first place, the resistance of the 

copper wire is found by Wheatstone 's bridge as previously 

described. For convenience, it is assumed that its resist- 

ice is found to be 1.3 ohms. Then the electromotive 

>rce E required to drive 3 amperes through the wire will 

a.4 volts, for, by substituting, E = C R = t y. \.'^ 

%A volts. 
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The maximum diflFerence of p<>tential developed by any 
single voltaic couple placed in any electrolyte is about 
2.25 volts; in the common forms of cells, the difference of 
potential developed averages from .75 to 1.75 volts. 

56. When several cells are connected in series^ the total 
electromotive force developed will be equal to the sum of 
the electromotive forces developed by the separate cells ; or, 
if the cells are composed of the same voltaic elements, the 
total electromotive force developed will be equal to the 
electromotive force of one cell multiplied by the number of 
cells in series. For example, a batter}- is composed of 
12 cells connected in series, and the electromotive force in 
each cell is 1.5 volts: the total electromotive force of the 
battery is, therefore, 1.5 X 12 = 18 volts. 

Connecting cells in parallel^ or multiple-arc^ does not 
increase the electromotive force of a battery; the electro- 
motive force will always be equal to the electromotive force 

of one cell, no matter how many cells are 
connected to the main conductors, provided, 
of course, that all cells develop equal electro- 
motive forces. 

57. Measuring instruments called volt- 
meters have been devised for indicating elec- 
tromotive forces and differences of potential 
directlv in volts. 

The Cardew voltmeter, Fig. 45, depends 
fr)r its operation upon the linear expansion of 
a metallic wire when heated by an electric 
current. The expansion wire w is enclosed 
in a long cylindrical case a^ and is attached 
in such a way that its expansion causes a 
small grooved wheel on the axis of th6 index 
needle to revolve in one direction when the 
wire expands, or lengthens, and in the oppo- 
site direction when the wire contracts, or 
shortens. The movements of this wheel cause 
the in(l<!X h to move <jver the scale. Since the resistance 
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is nearly constant, the current that will flow is propnrtional 
to the E. M. F. ; the greater the E. M. F. the more the 
wire will be expanded, and the greater will be the conse- 
quent deflection. The resistance of the wire, however, is 
so large as to permit only a weak current to pass through 
it when the needle is deflected over the entire scale. A 
Cardew voltmeter which indicates up to 100 volts has a 
resistance of about 500 ohms. The circular scale is divided 
into small divisions, each representing one volt or fractions 
or multiples of one volt. 



58. The Weston voltmeter. Fig. 4C>, is based upon the 
same principles as the Weston ammeter, and in appearance 
is quite similar to it. Its internal resistance, as in all volt- 
meters, is exceedingly large ; the resistance of a \Vest<in volt- 
meter for indicating up to 160 volts is about lii,OO0 ohms, 
while the resistance of a Weston ammeter, measuring 
strengths of currents up to 15 amperes, is only .0022 ohm. 
It will be seen that, owing to the great resistante, the cur- 
rent passing through a voltmeter is exceedingly small. For 
example, in the instru- 
ment described above, 
when indicating 160 
volts, the current, by 
Ohm's law, is only 160 
-J- 1S,000 = .0079 am- 
pere. All voltmeters 
are provided with at 
least two terminals, or 
binding posts, such as fi 
and fi', Fig. 46. Con- 
nections are made by fig. 46, 
two separate conductors, called voltmeter /fads, from these 
binding posts to two points between which the differ- 
ence of potential, or the electromotive force, is to be 
measured. 

The Weston voltmeters usually h.ivu a third binding 
post /', which when used with /' corresponds with a second 
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graduated scale situated directly under the main scale, one 
division of the upper scale having the value of two lower 
divisions. The majority *i voltmeters are also provided 
with a contact butt«>n d. which when pressed closes the 
circuit and allows the index needle to be deflected bv the 
current. When the pressure upon the button is relaxed, 
the circuit is opened, and the index needle returns to the 
zero mark. 



I 



A< 



B 



59. The methcKls of connecting voltmeters and ammeters 

for measuring electrf»motive forces and currents of various 

^ circuits should be thoroughly under- 

h||||||| " -v sto<xl. Suppose, for example, that the 

terminals of a battery composed of 
four cells connected in series are con- 
' - nected to an unknown resistance, and 
it is desired to know the strength 
of current flowing through the circuit, 
and also the difference of potential 
^^^ *' required to drive that current through 

the unknown resistance when the onlv instruments avail- 
able are an ammeter and a voltmeter. In Fig. 47 let B rep- 
resent the battery and A' the unknown resistance; C^ C\ 
and C" are three large conductors for making necessary 
connections. With the connections as shown, there is 
practically a continuous current b 

flowing through the closed cir- / 'I'ImII ^^' 

cuit, that is. from the battery C 

through the conductors and the 

unknown resistance. The first 

step is to determine the strength 

of this current by the use of an 

ammeter. Assuming that the 

battery is constant, that is, that the electromotive force 

developed in it does not vary, then, so long as the resistance 

of the ("irciiit is not altered, the strength of the current will 

n-niain unchanged and 7<'il! he the same ni all parts of the cir- 

en it. Hence, if an ammeter be inserted in any part of the 
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Fig. 4h. 
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circuit, as between C and C, Fig. 48, it will measure the total 
strength of current flowing through the entire circuit. As 
has been stated, the internal resistance of the ammeter is so 
small that its insertion makes no appreciable change in the 
total resistance of the circuit, and therefore does not to 
any extent affect the current flowing. For convenience, 
assume that the strength of the current flowing in the cir- 
cuit is found to be 1.2 amperes. The next operation is to 
find the electromotive force required to drive a current of 
1.2 amperes through the resistance R\ or, in other words, 
to find the difference of potential between the terminals / 
and /' when a current of 1.2 amperes is flowing in the cir- 
cuit. This is accomplished by connecting the two terminals / 
and /', Fig. 49, of the unknown resistance R^ to the two bind- 
ing posts / and /' of the voltmeter F M by two voltmeter 
leads / and /'. Any small wires of reasonable length can be 
used for voltmeter leads, as the current they transmit is 
exceedingly weak, owing to the extremely high resistance of 
the voltmeter. After pressing the contact button, assume 
the needle indicates a potential of i\ volts; this, then, is 
the electromotive force required to force a current of 
1.2 amperes through the unknown resistance A'; or, in other 
words, the difference of potential . r 

between the terminals / and /' is t HHMM W 

<5 volts. From these readings of C 
the current and voltage, and by I 
the application of Ohm's law, the 
resistance R of the circuit between 
/ and /' can be determined. By 
algebra. Ohm's law can be trans- 

K 
posed from the equation C = to 

E 
R= p^and be equally true; this sig- 
nifies that the resistance R of any 
conductor, or circuit, is equal to the electromotive force, 
or the difference of potential /: in volts, divided by the 
strength of current C in amperes flowing through that 




50 ELEMENTS OF g 8 

circuit or conductor. In the previous case, it has been 

found that it requires an electromotive force of G volts to 

drive a current of 1.2 amperes through the resistance R; 

E (; 
hence, from Ohm*s law, ^ = ^ = - = 5 ohms. 



APPIilCATIONS OF OlIM^S I.AW. 



TO CIX)SED CIRCUITS. 

60. The following facts are to be carefully noted regard- 
ing the application of Ohm's law to closed circuits: 

The strength of current (C) is the same in all parts of a 
closed circuity except in the cases of derived circuits^ where 
the sum of the currents in the separate branches is always 
equal to the current in the main or undivided circuit, 

Tlie resistance (R) is the resistance of the internal circuit 
plus the resistance of the external circuit. 

The electromotive force (E) in a closed circuit is the total 
generated difference of potential in that circuit. 

61. The following formula may be used to determine 
the strength of current in amperes flowing in a closed circuit 
when the electromotive force and the total resistance are 
known : 

C = ^ (6.) 

where C = current in amperes; 

E = electromotive force in volts; 
R = resistance in ohms. 

That is to say, the strength of curroit iu aiuf^crcs is found 
by dividing the elect romotive force in volts by the total resist- 
ance in ohms. 

ExAMPLK. — The two c"lcotr«)(los of ri simple voltaic cell are connected 
l>y a conductor whose resistance is \A\ ohms. If the internal resistance 
^>f tlie cell is .") ohms and the total electromotive force developed is 
^5 volts, what is the strength of current llowing in the circuit? 



Solution. — Lei r, = Ihe internal resistance and r, = the resislante 
i the copper wire. Then, /^ = r, + r, = 1.6 + f> - H.O ohms, Ihc- tolal 
ite oi the circuit. Then, by formula O, the current 
,.. £■ 1,75 ^^ 



68. The following formula may be used to find the total 
distance in ohms of a closed circuit when the electromotive 
force and the strength of current are known: 



R^- 



C 



(7.) 



Sie letters having the same significance as in formula 6. 
By formula 7 it will be seen that t/ie n-sistancf in ohms of a 
iostd circuit is found by dividing the electromotive force in 
^Its by the current in amperes. 

Ekamplk,— The total electromotive fi 
^rcuit is 1.8 volts and the strength of the 

BoLUTIoN. — By formula 7, the resistance 



fleveloped : 

' i>wing is .8 ampere . 



led 



R^ 



= 8 ohm 






63. The following formula may be used to find the total 

xtromotive force in volts developed in a closed circuit 

irhen the strength of current and the total resistance are 

iiown: 



: C A'. 



(8.) 



The letters have the same meaning as in formulas <> 
md 7. We find here that the electromotive force in volts 
•eloped in a closed circuit is obtained by multiplying together 
\the current in amperes and the resislaHce in ohms. 

BXAHPLG. — The internal resistance of a cttised circuit is 3 ohms and 
K*th* external resistance is 3 ohms; if the current flowing is .4 ampere, 
^iMat is the electromotive force develuped ? 

Solution. — Let r, = the internal resistance and r, = the external 
Binsistance. Then, /f~r, + r, = i + 3 = S ohms. By formula S, the 
ectromotive force 

£:=Cj^ = .4x5 ^■3.0 volts. Ans. 
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Ti* l>ICOP. OK I.<>>iS, OF l*OTKNTIAI-. 

4>4. RttVrrinj; a^^ain tn water flouinji: iii ^^ i'-:'^» •* *'=^ 
f\i«U-in that althiiuyjh the quiiNfify «it water whii h :.;i>st> 
is :he >anie at anv (■n>ss-se(*ti«>n mI the pii'e. the .'*'':.- 
.*;<rc- /**■/• St/ittirr inch is not the same. Even ii: the ca-c 
i»t a h^rizMiual pipe <»! the same diameter thp»iiirh«'i::, 
the water when tl«»win>^ suffers a loss «»f head. ^^T pres- 
sure. It is this difference «»f presstire that rauses tlu- 
w.iter l'» tl««w between tw<i jxnnts agamst the friction <»f 
\W pil^'. 

Tl:i> is prcM-JMlv >imilar t«» a current nf electricity tiMwiiv*: 
th!«^iiv:ii a c«'!n!uct'ir. Th<>uy:h the quantity i\f t/tctr icily 
th.i: !l«'W> i< e«[ual at all cp >ss-secti(»ns. the electromotive 
liMcc :> I'V T^• mtans the same at all points alonj^ the ctin- 
*lui i-'v It muV*:*^ a l«i>s. or drop, of electrical potential in 
\\w i!::i'i't:«'n \\\ w;ii« li ilu- tiirrent is flowing, and it is this 
dMKic!ii c «•! cic* irical pi»tential that causes the electricity 
\,» iK'w .1^.1' n^i lii*- r««si>i:ince "f tlie conductor. (V////V ia:c 
• ♦,''i .'m'n ^ivo ilu- sircnv;lh of the current in a closed cir- 
:«;it .»U«' I lie ./.■ "i /.'.'« « x/ prfcntitji \\\ volts alonj^ thai 

.....; I'lu' *l'.tVrrc!iri- ..f I'-'ti-ntial (/:") in volts between 

M • u .'".■■•': ^ .»■«•"■-: .1 <■:■. ■;•: :- < ijual l«» the product i»f tlie 
. ...'. ..: '.''*> .:;:!i::: »( i ':: .i-uiM-rr^^ and the resistani'e 

^ ... ,.'..».-. ..| ; li.it I'.ir: ' :' t'-r t ir. ;:it l)etween those l\v«» 

I .V, w!',:. :^ '^ .ip. rx.iinple of the use ot 
.. .', c .n-..» rrpiiMn:«- \\\k .'■vv, or (/roh, of poten- 

» X,-*;-. ''« t ^^ *''^ l1^^' ^^^"" !"'iiit^- 1' -iny two of these 
. I. iw- Kn.'WM. \\u' tliirii y\c\ !'«■ readilv found: for, 

. .^v^.Mv * ■. -''^'l ''^' • *'" already j»:iven in 

^.x^A»^l •• 

Hs » H* u-iMi'M-nt'. Y.\\\ «'t' .1 < ::< \\\\ in \\ lii- i'. a < iirrent i-l' 

I .1 .iivjM v» - 1- :i.<\\ir.ir. 1 he r«- 

_ ^ rii'in li'. i- 'J :*•"•!•:!:•>. iind from 

'V*»»vM^** **•'''"""'' "' P"^'"''-^' in Iw t «!i ./ and /'. 
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Ihe difference of potential between a and i = 3 x I-i = 4.5 viiUs. 
A and f = 3X2.3 = 8.9 - 
caiid,/ = 3 X 3.l(= lO.S ■■ 

■' aa.nAii = A.Ti + 6,8 + 10.8 = 

s; or, in other words, the iess. or lirvp, u! poieniial caused by 
it o£ 3 amperes flowing between a and if is 32.3 volts, 

65. In a great many cases it is desirable to have the 
Trent flow from the source a ]ong distance to some elec- 
■ical receptive device and return without causing an exces- 
ave drop, or loss, of potential in the conductors leading to 
id from the two places. In such circuits, the greater part 
the total generated electromotive force is expended in the 
ireceptive device itself, and only a small fraction of it is lost 
in the rest of the circuit. Under these conditions, it is cus- 
tomary to decide upon a certain r/ro'fi, or loss, of polcnlial 
beforehand, and from that and the current calculate the 
resistance of the two conductors. 

Example. — It is desired to transmit a current of 5 amperes tii an 
itrical device situated 51)0 feel frum the source ; the total generated 
130 volts, and only ^ of this potential is to be lost in tbe 
conductors leading lo and from the receptive device, (a) Find the 
resistance of the two conductors, and (A) find the resistance per foot of 
the conductors, assuming each to be 500 feet long. 
. SoLUTioK- — {a) -^ of 130 volts = 13 volts, which represents the 
wop. or /ois, of potential on the two conductors. Lei E' = 13 volts; 
C= 5 amperes; and R' = the total resistance of the two conductors. 
sn, by formula 7, 

R' = -p- = -^ = %-i ohms. Ans. 

I {6) The resistance per foot of the ciinductor is fimnd by formula 1. 
I Ihia case, r,= 3.4 ohms; /, = 1,000 feel; /, = \ fool. Then Ihe 
tance per foot 

• = ^riSr = 0*^ ohm, Ans. 






TO VOLTAIC CELLS. 

BBi The difference of potential between the two dec- 
ides of a simple voltaic cell when no current is flowing — 
talis, when the circuit is open — is always equal to the total 
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electromotive force developed within the cell; but when a 
current is flowing — that is, when the circuit is closed — a cer- 
tain amount of potential is expended in forcing the current 
through the internal resistance of the cell itself. Hence, 
the difference of potential between the two electrodes when 
the circuit is closed is always smaller than when the circuit 
is open. This difference of potential between the two elec- 
trodes when the circuit is closed is sometimes called the 
available or extcrnaL eloctromotive force, to distinguish it 
from the internal ox /ofal j^enera fed electromotiye iorce. 

67. To find the available electromotive force of a cell, 

let £ = the total generated E. M. F. ; 

£' = available E. M. F. when the circuit is closed; 
C = the current flowing when the circuit is closed ; 
r, = the internal resistance of the cell. 

Then, the drop, or loss, of potential in the cell = Cr,, and 
the available electromotive force 

E' = E--Cr,. (9.) 

The available electromotive force of a cell is equal to the dif- 
ference between the total generated electromotive force and the 
potential expended in forcing the current through the internal 
resistance of the cell when the circuit is closed. From Ohm's 
law, this loss, or drop, of potential in the cell itself is equal 
to the product of the internal resistance in ohms and the 
strength of the current in amperes flowing through the cir- 
cuit. 

ExAMPLK. — In a voltaic cell, the total generated E. M. F. is 2.2 volts 
and the internal resistance is .8 ohm. If a current of 1.2 amperes flows 
through the cell when the circuit is closed, what is the available 
E. M. F., or, in other words, the difference of potential between the two 
electrodes ? 

Solution.— Let K' = the available E. M. F. ; E= the total gener- 
ated electromotive force; C = the current in amperes; and r< = the 
internal resistance. 

Then, by formula 1>, 

£' = £- Cn = 2.2 - (1.2 X .8) = 1.24 volts. Ans. 
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TO DERIVED CIRClTlTa. 

68. In treating upon derived circuits, only that part 
of the fircuit will be considered which is divided into 
branches and each branch transmitting part of the total 
current; the rest of the circuit is assumed to be closed 
through some electric source, as, for instance, a voltaic 
battery. 

Before applying Ohm's law to derived circuits, the word 
condiulii'ity should be thoroughly understood. Conductivity 
can be defined as the facility with which a body transmits 
electricity, and is the opposite of resistance. For example, 
copper is of low resistance and high conductivity; mercury 
is of high resistance and low conductivity. , In other words, 
conductivity is the inverse or reciprix;al of resistance. There 
is no established unit of conductivity; it is used merely as a 
convenience in calculations. For example, if the resistance 
of a circuit is 2 ohms, its conductivity is represented by 
one-half; if the resistance is increased to 4 ohms, the con- 
ductivity would only be one-half as much as in the former 
; and would be represented by one-quarter. 
The conductivity of any conductor is, therefore, unity 
livided by the resistance of that conductor; and, conversely, 
resistance of any conductor is unity divided by its con- 
^ductivity. 

69. Fig. 51 represents a derived circuit of two branches. 
Let /■, and r^ — the separate resistances of the two 

branches; r, and r, = the separate currents in each branch, 
respectively; and C=the sumof the currents in the two 
branches; that is, the current in the main or undivided 
branch. Then, c, +r, = C, and C— <-, — c,. 

When the current flows from a to l>, if the resistances 
r, and r, are equal, the current will divide equally between 
the two branches; thus, if ^_ 

a current of % amperes is 
flowing in the main circuit, 
1 ampere will flow through 
l^each branch. 
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When the resistances of the two branches are unequal, the 
current will divide between them in inverse proportion to 
their respective resistances. In Fig. 51 the resistances of 
the two branches are r, and r,. Therefore, c^-.c^: : r^ir^. 

By algebra, this proportion gives the two following 
formulas : 

Cr 
For the first branch, c^ = — -5—. (10.) 

That is, of two branches in parallel^ dividing front a main 

circuity the current in the first bratich is equal to the current 

in the fnain multiplied by the resistance of the second branchy 

and the product divided by the sum of the resistances of the 

two branches, 

Cr 
For the second branch, r, = — — ^— • (!!•) 

" r, + r^ ' 

Of two branches in parallel^ dividing from a main circuity 
the current in the second bratuh is equal to the current in the 
main multiplied by the resistance of the first bratuh^ and the 
product divided by the sum of the resistances of the two 
bratiches. 

Example. — Suppose the resistance r, of the first branch is 2 ohms, 
and the resistance r^ of the second branch is 8 ohms, find the separate 
currents Cx and r, in the two branches, respectively, when the current C 
in the main or undivided branch is 60 amperes. 

Solution. — r, = 2 ohms, ; ,, = 3 ohms, and C = 60 amperes. To find 
the current Cx in the first branch, substitute these values in formula 10, 
which will give 

Cr^ 60x3 IHO _^ . 

Cx = — -- - = ,, ; = ..- =r 36 amperes. Ans. 

To find the current c^ in the second branch, substitute these values 
in formula 11, w^hich will give 

Cr, 60x2 120 ., , 

r. = j^-^- = -^^ = -^- ^ 24 amperes. Ans, 

70. It is clear that two conductors in i)arallel will con- 
duct an electric current more readily than one alone; that 
is, their joint conductivity is greater tl^^xither of their 
separate conductivities taken alone. ^^^^B^£ the cas^^j 
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their resistances must follow the inverse law — viz., the joint 
resistance of two conductors in parallel must be less than 
either of their separate resistances taken alone. 

Uule.-^//" the separate resistances of two conductors are 
equals their joint resistance when connected in parallel is one- 
half of the resistance of either conductor. 

For example, take two conductors, the separate resistance 
of each being 2 ohms, and connect them in parallel ; their 
joint resistance will then be one-half their separate resist- 
ance, or 1 ohm. 

71, When the separate resistances of two conductors in 
parallel are unequal, the determination of their joint resist- 
ance when connected in parallel involves some calculation. 

In Fig. 51, the conductivities of the branches are — and 

— . Hence, their joint conductivity when, connected in 

parallel is 1 = _LX — l. now, since the resistance of 

r r r r 

any conductor is the reciprocal of its conductivity, then 

the Joint resistance of the two branches in parallel is 

r -\- r 
the reciprocal of their joint conductivity ; or, 1 ~ ' ^ — 



r r 

1 a 



* " Hence, joint resistance 



^+^ 



R' = ^\^' . (12.) 

r, + r^ 



That is, the joint resistance of two conductors connected in 
parallel is equal to the product of their separate resis*anccs 
divided by the sum of their separate resistances. 

Example. — In Fig. 51, given ri—2 ohms and r, — 3 ohms; find 
their joint resistance in parallel. 

Solution. — From formula 12, their joint resistance 

A" = -^J-'-' - = ^ ^-? := 2 = 1 J Ohms. Ans. 
ri + r-, 3 -t- ;( u ' 
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■cprcsunts a ilividcd circuit of thret 
branches. Let r,, r,. and r, 
be the separate resistances 
of those branches, respect- 




,-ely. Then, 



, and 



represent the separate con- 
he three branches, respectively. Their joint 
= - H 1 — = -^—- L_!_j — !_■_ Since the 

oistance is the reciprocal of their joint conductivity, 
I it is equal to 

1 . ^^+^^+^^_ ^^ ^ 



r, r, r, r, r, + »*, r, -f t", r," 

mce, the joint resistance of three branches in parallel 

-S'"= r'-*-^, ■ (53.) 

'hat is, Me yoi'w/ nsistatici' of ifine or more- conductors 
necteii in parallel is equal to the reciprocal of their joint 
onduetix'tty. 

Example.— In Fig. 52, given r, = 5 ohms; r, = 10 ohms; and r, 
^ 20 ohms; find their joint resistance from ii to b. 
gQLUTIoN,— By formula 13, their joint resistance 

r, r, r, _ T. x 10 X 30 _ 1.000 _*80 

^"' =r,V, + r, r, +7; 7, ~ 111 X'^O -t-S X3D4-5 X I'i ~ 350 ~ 7 
— 2(ohms, Ans. 

-53. In a derived circuit of any number of branches, the 
difference of potential between where the bninches divide 
and where they unite is equal to the product of the sum of 
the currents in the separate branches and their joint resist- 
ance in parallel, as will be apparent from consideration of 
Ohm's law, Art. 34. 

For example, if the currents in the llirec branches, Fig. 62, 
are Hi 8 and 4 ami>eres, respectively, and the joint resist- 
ance from a to /' is S? ohms, then the difference of potential 
between a and /, = (IC + 8 + 4) X -1% = '-i^ X =," = «» volts. 
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^V 74. The separate currents in the branches of a derived 
circuit can be determined by finding the difference of poten- 
tial between where the branches divide and where they 
unite, and dividing the result by the separate resistance of 
each branch. 

For example, in Fig. 52, assume that the separate resist- 
ances of the three branches are '5. 10. and 20 ohms, respect- 
ively, and that the difference of potential between ii and i 
is 80 volts. Then, the current in the first branch is Y 
= 10 amperes; in the second, ^jj = s amperes; and in the 
third, lo = •! amperes. 

75. The separate resistances of the branches of a derived 
circuit can be determined by finding the difference of poten- 
tial between where the branches divide and where they 
unite, and dividing the result by the separate currents in 
each branch. 

For example, in Fig. 53, assume the difference of poten- 
tial between a and ^ to be 80 volts and the currents in the 
iparate branches to be Ifi, 8, and 4 amperes, respectively; 
ttlien. the resistance of the first branch is fj = 5 ohms; nf 
te second, ^^- = 10 ohms; and of the third, A," = 20 ohms, 

ExAMPLR. — Fig. 5-3 represents a closed c 
I to i. forms a. derived, or shunt, circuit ■ 
ft^, B. and C in parallel; f,, r,, 
■and f, represent the separate 
resistance of the branches, re- 
spectively, from a to &; and R' 
represents the resistance of the 
rest of the closed circuit from 
^ to d in the direction in which 
the current is supposed tu ho 
flowing, including the intcrn;il 
resistance of the balttry A* 
Letr,=2ohms; r) = 3.2ohms; 
r, = 4.4 ohms; and ^' = ,8 ohm. 

If a current of 2 amperes is flowing in the main, or undiviiicd, 
. find the total eleclromolive force developed in the battery A', 
BoLDTiON. — From the application of Ohm's la 
■mula 8, E=C R, where E is the total electrc 
within the electric source; t'lhe strength of i 




closed circuits, 
ve force devel- 
nt flowing; and 



J 



r 
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J! the total reaslance nf tlie tircuit through nhith lh« current passirs. 

In this particular problem, the total resistance of the closed circuil 

will be the joih/ resistance of the three branches in parallel, plus the 
1 R' 111 the rest of the circuit. Hence, first find the joint 
; of the three branches A. !i. and C in parallel from 

a to b. By formula 13, the joint resistance of three conductors in 

parallel is '— ^ — '- -. where r,, r,, and r, represent the 

r, r, + r, r, + r, r, ' 

separate resistances of the three conductors. Substituting gii^es 

3 X 3 3 X 1-4 _ g«.18 _ 38.16 _ 

8.8X4.4 + 3 X4.-1 + 3X3.3 ~ I4.i« + 8.8 + 8.4 ~ 29.88 ~ 
the joint resistance of the three branches A. Jl. and C in parallel 
from a to b. The total resistance of the closed circuit is, there- 
fore, .9617 + .8 = 1.7617 ohms, and i"= C X -^ = S X I-MIT = 3.52M 
volts. Ans. 



EliECTRICAI. qUAXTlTY. 

76. The rate of flow of liquids is expressed in units of 
quantity per second or minute, and similarly the strength 
of iin electric current can be defined as a quantity of elec- 
tricity flowing per second. The practical unit of clectrkal 
quantity is called the eoulomb. 

The coulomb is such a quantity of fhetriiity ns will pass 
in one second through a circuit in which the strength of cur- 
rent is one ampere. 

As stated previously, the quantity of electricity is calcu- 
lated from the strength of current; it cannot be actually 
measured. For example, suppose the strength of current 
in a closed circuit to be 10 amperes, as measured by an am- 
meter; if such a current flows for only one second, the 
quantity of electricity which has passed around the circuit 
is 10 coulombs; but if the current flows for two seconds, the 
quantity of electricity would be 20 coulombs. 

Hence, to calculate the quantity of electricity which has 
passed in a circuit in a certain time when the strength of 
the current in amperes is known : 

Let (2= the quantity of electricity in cuulombs, C the 
strength of current in amperes, and 1 the time in seconds. 

Then, Q=Ct. (14.) 



If any two of these quantities are known, the third can be 



%adily found. By transposition, C= ^ and / = ^. 

Therefore, to obtain the quantity of current which has 
ssed through a circuit in a given time, multiply the 
iircngth of current in amperes by the time in seconds. 

EXAHPLE.— Finri the quantity of electricity in coulombs that flows 
Iround in a cltised circuit in 11 hours when the strength of current is 
& amperes. 

lox.— Reducing the time to seconds gives 1.5 X 60 X 00 
« S,4(X) seconds ; hence, / = 6.400 seconds and C = 12 amperes. Then 
n formula 14, 

Q=Ct= lax 5.400 = 64, «00 coulombs. Ans. 



ELECTRICAL WORK. 

77. When an electric current flows from a higher to a 
lower potential, electrical energy is e.tpended and work is 
lone by the current. The principle of the conservation of 
energy teaches that energy can never be destroyed ; it follows, 
therefore, that if energy has to be expended in forcing 
a quantity of electricity against a certain amount of resist- 
iBce, the equivalent of that energy must be iran.sformed 
pto some other form. This other form is usually lieat; 
%at is, when a quantity of electricity flows against the 
esistance of a conductor, a certain amount of electrical 

lergy is transformed into heat energy. 

The actual amount of heat developed is an exact equiva- 
lent of the work done in overcoming the resistance of the 
conductor, and varies directly as that resistance. For 
example, take two wires, the resistance of one being twice 
that of the other, and send currents of equal strengths 
through each. The amount of heat developed in the wire 
of higher resistance will be twice that developed in the wire 
offering the lower resistance. 

The unit used to express the 

done is known as the foot-pon 

■tng any mass through any height i 



ount of mechanical work 
The work done in rais- 
■und by multiplying 
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the wti^z oc tbft brjdj lifted bv the vertical height through 
vhich it £S nused : simiarir. the practical unit of elrctrical 
z^\*rt 2& that aaocnt acoocnplbhed vhen a iinit quantity of 
elcctricitv. *tw ccmL:mb, flovs between potentials diflFering 
br cm^ Tk'I:, 

The unit of electrical vork is. theref or e, the voli-coulomh^ 
and \s called the Joole. 

\jcuU = .7373 foot-j^>and. 

78. Br means of the following formulas, we may find 
directly the amount of etcctrical work accomiriished \n joules 
during a given time in any circuit: 

Let J = electrical w*>rk in joules: 
6 = current in amperes; 

/ = time in seconds during which the current flows; 
E = p«>ieniial, or E. M. F., of circuit; 
R = resistance of circuit. 

When the current and electromotive force are known, 

J=CEt. (15.) 

When the current and rcsi>tance are known, 

y= C'-Rr. iU\.\ 

When the resistance and eleotnmioiive force are known, 

To dolennine, therefore, the electrical work done in a 
oivon liiuo. multiply the quantity of tlcctricity in coulombs 
<v i,\ V' ;.;y fasSiii in the circuit duriui^ that time by the loss, 
^ /•,"*^ ,*'" f'ctcutial as measured ilirecth\ or as computed 
^-^T-^w : K 's\}*':<cs of' the current and resistance. 

V\ v^^'X V Kuui iho amount of work done- in joules when a current 
s ^* « ♦* v'V^" rto«s tor .♦ an hour against a rf>ivtance of *2 ohms. 

>vx ''X K\xUwin>r the time to seconds j^mv^s ;«) X ^►O = 1,800 
^ ►'^« v'uvront -= C = 15 amperes, and the resistance = 

^- ♦*^>* *»v tormula 10, the ele( irical work done 

^» >^ •%\'* X l.S(X) -^ ^10,(KM) joules. Ans. 
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79. When the work in joules is known, the work in 
foot-pounds 

F. P. =.7373/. (18.) 

That is, the equivalent work done in foot -pounds is obtained 
by multiplying the number of joules by . ISIS. 

Example. — Express the work done in foot-pounds in a circuit when 
a current of 8 amperes flows for 2 hours between potentials differing 
by 10 volts. 

Solution. — Reducing the time to seconds gives 2 x 60 x 60 = 7,200 
seconds = /. The current ■= 8 amperes = C, and the electromotive 
force = 10 volts = E. Then, by formula 16, the electrical work done 
=/= 8 X 10 X 7.200 = 576,000 joules. Expressed in foot-pounds, this 
will be, by formula 18, 

F. P. = .7878 X 576,000 = 424,684.8 foot-pounds. Ans. 



EliECTRICALi POWER. 

80. Power, or rate of doing work, is found by dividing 
the amount of work done by the time required to do it. 
In mechanics, the unit of power is called the horsepower ; 
in electrotechnics, the unit of power is the watt. It is 
found by dividing the amount of electrical work done by the 
time required to do it. 

Let E — the electromotive force in volts; (2, the quantity 
of electricity in coulombs; C, the current in amperes; and 
W, the power in watts. 

By formula 15, the amount of electrical work / = C Et, 

Then, W^ ^^ = C E. (19,) 

The power in watts is equal to the strength of current in 
amperes multiplied by the electromotive force in volts. 

Example. — What is the power in watts developed in a closed circuit 
in which a current of 12 amperes is flowing between potentials differ- 
ing by 25 volts ? 

Solution. — iE'=25 volts and C = 12 amperes. Hence, by for- 
mula 19, 

^= C^= 12 X 25 = 300 watts. Ans. 



r 
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jiy taking into consideration the resistance of the circuit, 
the equation for determining the power in watts may be 
expressed in two other ways: 

By derivation from formula 16, 

iV^C^^C R. (20.) 

tiat is, ///(■ pou-fr in watls is rr/u/t/ to ike strength of cur- 
in amperes squared, multiplied by the resistance in ohms. 

XAMPLK.^Find the power in walls in a closed circuit in which a 
irrent of 80 amperes is flowing against a resistance of 8 ohms. 
SoLCTioN.— C- 80 and ^ = 3, Hence, by formula SO, 

Jr = C /^ = 80' X 3 = 2,700 watts. Ana. 
By derivation from formula 17, 

£• / E* 

IV— — — 

^ ~ Rt ~ R- 



(31.) 



That is, the power in watts is the quotient arising from 
dividing the electromotive force in volts squared by the 
resistance in ohms. 



Example.— The dr(>]>of jiotential in a tlciscd circuit when a 
is flowing is 30 volts and the resistance is 10 ohms; what is the power 
in watts expended ? 

Solution. — E = 20 volts and A' = 10 ohtns. Hence, by for- 
mula SI, 



_20'_ 



W= — = -- =40 w 



81. Oni; watt equals 
power equals 7411 watts. 
If H. P. — horsepower, 



(22.) 



That is, to e.iprrss llw rate of di'iiij^ elcclrical work in 
horsepower units, find the number ,f woKs mid divide t/te 
result by 74<'- 
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The horsepower may also be expressed by three other 
equations, by expressing the watts in terms of electromo- 
tive force, current, and resistance, as obtained from for- 
mulas 19, 20, 21, viz. : 

FC C^ R E^ 

H. P. = :^; H. P. = V,^; and H. P. = 



746 ' 746 ' 746 A^* 

Example. — Given, current = 50 amperes and electromotive force = 
250 volts ; express the power directly in horsepower units. 

Solution. — E = 250 volts ; C = 50 amperes ; hence, 

„ „ EC 250x50 ^^^^^, . 

H. P. = -«77r = — «^7, — = 16.756 horsepower. Ans. 
<4o 740 

Example. — Given, strength of current = 25 amperes and resist- 
ance = 14.92 ohms; express the power directly in horsepower units. 

Solution. — C= 25 amperes; ^ = 14.92 ohms; hence, 

„ _ aR 25»x 14.92 ,_^. . 

H. P. = -p=T5- = — r,Aa = 1*.5 horscDOwer. Ans. 

74o 740 

Example. — Given, electromotive force = 110 volts and resistance 
= 4 ohms; express the power directly in horsepower units. 

Solution. — E= 110 volts; /? = 4 ohms; hence. 

E^ 110' 

H. P. = „ ., = ^^ — - = 4.055 horsepower. Ans. 

82, To express the power in watts when the horsepower 
is known, use the following formula: 

W= H. P. X 740. (23.) 

That is to say, the poivcr in watts is found by multiplying 
the horsepower by IJfi. 

Example. — Express the equivalent of 4.35 horsepower in watts. 

Solution. — H. P. = 4.35; by formula "ZW^ the electrical power 
/F= 4.35 X 740 = 3.240.1 watts. Ans. 

83. The watt is too small a unit for convenient use in 
expressing the output of large dynamos, so the kilowatt is 
generally used. One kilowatt is eciual to l.ooo watts or 
about 1^ horsepower. For exami)le, if a dynamo were rated 
at 75 kilowatts, it would have an outj)ut of 70,000 watts or 
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ily about 100 horsepower. The kllovratt-hour is a 

It tif wor^ commonly used in electrical work. It is the 

nidount of 'u'or^ done when I kilowatt is expended for 

1 hour, or J kilowatt for i hours, etc, The kilowatt -hours 

e, therefore, found by multiplying the average number of 

Dwatts by the average number of hours during which the 

lOwatts were expended. Since 1 kilowatt = 1,000 watts, 

;iiowatt-hour = 1,000 watt-hours. Now 1 watt expended 

1 second is equat to 1 joule; hence, 1 kilowatt-hour 

1,000 X 3,(i00 = 3,(i00,OO0 joules, or 3,f!00.000 X .7373 

= i, (354, 280 foot-pounds. The kilowatt-hour represents a 

definite amount of work, whereas the kilowatt expresses the 

ite at which work is done, and is, therefore, a unit of power. 
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ELECTROMAGNETIC T>T>i;CTION. 

1. It has been shown that an electric current circulating 
■ound a coiled conductor produces lines of force which 
iread through the coil, entering at one end and leaving 
t the other. So long as the current in the cni! remains at 



'^^^^\ 





a constant strength, the lines of force have direction and 

position only; unless influenced by some exterior magnetic 

substance, they do not increase or diminish in number, or 

Lcfaange their position relatively to the coil. Fig. 1 repre- 
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sents such a coil around which a current is flowing from the 
battery B. Suppose the battery is disconnected from the 
coil and a galvanometer for detecting small currents is 
inserted in its place. A magnetic pole suddenly thrown 
into the coil, as represented in Fig. 2, will cause a deflec- 
tion of the galvanometer needle; the needle, however, will 
return to its original position as soon as the magnet comes 
to rest. Withdrawing the magnet from the coil also causes 
a deflection of the needle, but in the opposite direction. In 
the first case, a momentary current is induced in the circuit, 
as shown by the deflection of the galvanometer needle while 
the magnet is being inserted into the coil; this current 
immediately subsides when the magnet ceases to move. 
In the second case, the same eflfects are produced, with the 
exception that the current induced in the coil flows in an 
opposite direction to that in the first case. 

These induced currents are caused by a change in the num- 
ber of lines of force which pass through the coil. In passing 
into or out of the coil, the lines of force from the magnet 
set up an E. M. F. in that portion of the conductor in which 
the number of lines of force is changing, and this E. M. F, 
tends to send a current through the circuit. 

2. In place of a small magnetic pole, imagine the coil 
to be suddenly inserted into a large uniform magnetic 




field where all the lines of force arc parallel to one another. 
The diagram. Fig. ;(, reprcsonts a cross-sectional view of 
such a lii'ld. The d<)ts represent the ends of the lines of 
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force; their direction is assumed to he downwards, piercing 
the paper, or, in other words, the observer is looking along 
the lines of force toward the face of a south magnetic pole. 
As the coil enters the magnetic field with its plane at right 
igles to the lines of force, a current will be induced in the 
coil and the galvanometer needle will be deflected; this 
induced current is produced by a change in the number 
'pf lines of force which pass through the coil, as in the pre- 
-yious case. Withdrawing the coil from the magnetic field 
will also induce a current in the circuit, but it will deflect the 
galvanometer needle in an opposite direction, showing that 
the current in the circuit is reversed. 
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If the coiled conductor be straightened out. frirminy one 

long conductor, and then moved across the magnetic field at 

right angles to the lines of force, as represented in Fig, 4, 

a current will be generated in the circuit. The current, 

however, immediately subsides when the motion ceases, no 

matter whether the conductor is in the magnetic field or 

.herwise. Should the conductor be moved in the magnetic 

;ld, with its length parallel to the lines of force, as in 

ig. 5, no current will l>e generated in the circuit. From 

lese two experiments the tolkiwing principle is deduced: 

IVAm a (onductor is mvi<ai across a magnetic field so ikat 
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it cmts tht li*€i ff force, an E, M. F. is generated wkuk 
tends t0 send a cmrrmt through that conductor. 

S. In reality, currents generated in a conductor cul- 
ttMg Ihws of force and those induced in a coiled conductor 
bj a chuige in tbe number of lines of force which pass 
thfou{;h the cfiil are due to the same movement ; for, every 
caodDctor conveying an electric current forms a closed 
coil, and every line of force is a complete magnetic circuit 
by itself. Consequently, when any part of a closed coil is 
cutiiuy lines of force, the lines of force are passing through 
the coil in a definite direction and changing at the same rate 
as the cutting. For example, in Fig. 6 the heavy lix>p C. C. 
represents a closed coil, and the light loop L. F. represents 
(oar lines (if (ome. When the two closed loops are brought 
together, the closed coil is cut at one place a by four lines 
of force, and at the same time the number of lines of force 
passing thpmgh the closed coil increases from nothing to 
four. In calculatiims. however, it is convenient to make 
C^^^^^k * distinction between the two cases: 

in the one case, to consider that 
thf current is gcHerated by a con- 
ductor of a certain length cutting 
^,_ lines of force at right angles; and in 

"'^^^•^ the other, to consider that the cur- 
^X^'-^ rent in a closed coil is induced by a 
"*^S^^^;; change in the number of lines of 
*"""'■ '■' force passing through the coil. 

In these explanations, it must not be forgotten that an 
electric current is the result of a difference of potential or 
electromotive force. Consequently, it is not actually a cur- 
rent that is generated in the moving wire, but an electromo- 
tive force; for, in all of the previous experiments in which 
currents are induced or generated in a conductor by the 
lines of force, if the circuit is opened at any point, no cur- 
rent will flow, but the electromotive force still exists, 

4. Tliere are three methods of pnxUicing an electromo- 
tive force by induction in a coiled conductor; namely, by 
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eclromagnctic induction, by self-induction, and by mutital 
\duction. 

In electroniQ^netlc Inclnotlon, the change in the num- 
;r of lines of force which pass through the coi! is due to 
ime relative movement between the coil and a magnetic 
teld; as, for example, by thrusting a magnet into the coil 
■ withdrawing it, or, again, by suddenly inserting the coll 
ito a magnetic field with its plane at right angles to the 
aes of force. 

5. In self- Induct Ion, the change in the number of lines 
E force is caused by sudden changes in a current which is 
Iready flowing through the coil itself and is supplied from 
ome exterior source. This exterior current produces a 
lagnetic field in the coil, and so long as the strength of the 
rtirrent remains constant, there is no change in the number 
: lines of force which pass through the coil. But if the 
trength of the current is suddenly increased, a change in 
number of lines of force occurs; the change in turn 
educes an electromotive force in the conductor, which 
fposes the original current in the coil and tends to keep the 
iurrent from rising. Its action is similar to that which 
rould take place if some extra resistance were suddenly 
Dserted into the circuit at the instant the strength of the 
turrent is increased. The original current eventually 
eache-"! its maximum strength in the coil as determined by 
Jhm's law. but its rise is not instantaneous; it is retarded 
3 a certain extent by this induced electromotive force. If, 
^on the contrary, the strength of the original current is sud- 
denly allowed to decrease, another change is produced in 
the lines of force which pass through the coil; this new 
change induces an electromotive force in the coil which acts 
in the same direction as that of the original current and 
tends to keep it from falling. As in the previous case, how- 
ever, the original current will eventually drop to its mini- 
mum strength, as determined by Ohm's law, but it will fall 
gradually, and a fraction of a second will elapse before it 
Vl>ecomes constant. In short, tho current flowing through a 



^Vl>ecomes I 
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coiled conductor acts as if possessing inertia; any sudden 
change in the strength of the current produces a correspond- 
ing electromotive force which opposes that change and lends 
to keep the current at a constant strength. 



6, In mutual Induction, two separate coiled con- 
ductors, one conveying a current of electricity, are placed 
near each other, so that the magnetic circuit produced by 
the one in which the current flows is enclosed by the other, 
as shown in Fig. 7, where the current circulates around the 
coil P when the circuit is closed at key b. The coil /' is 
called the primary, or excltinff, coU ; the other coil 5 
is the ttecondary coll. 

Any sudden change in the strength of the current circu- 
lating around the prinia- 
.''' ^,-' ^,,— — ^-^-""--ij,^ ry coil, as, for instance. 

/•' '"' ^' — ^ ^~"--',\ breaking the circuit at 
~^ ' ' *i produces a corre- 

sponding change in the 
number of lines of force 
in the magnetic circuit 
which passes through 
both coils, and hence an 
electromotive force is 
induced in the secondary coil. If the primary circuit is 
completed at b and the current tends to rise in that coil, 
the electromotive force induced in the secondary coil 
causes a current to circulate around in it in the opposite 
direction to the current in the primary coil. If, on the 
contrary, the circuit at b is suddenly opened and the cur- 
rent in the primary decreases, the induced electromotive 
force in the secondary causes a current to circulate around 
in it in the same direction as the current in the primary 

coil. 

To make this clear, suppose, in Fig. 7, the current in the 
primary coil to be suddenly established by closing the switch 
at /'. The lines of force will surround the conductors and 
spread out in all directions. The lines of force spreading out 
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in the direction of arrow A cut the cunductors of the second- 
ary coil. The resulting current in the secondary would have 
the same direction were the lines of force stationary, as 
shown, and the coil 5 moved along the core in the direction 
of arrow B. Then, according to the thumb-and-finger rule, 
the current will flow in the secondary coil in a direction 
opptisite to thai in the primary. Similar reasoning will 
show that when the primary circuit is broken and the lines 
of force collapse, the direction of the current in the second- 
ary coil i" will he the same as that which existed in the 
rimary. 
7. The direction of an induced current in a coil depends 
upon the direction of the lines of force in the coil and 
whether their number is increasing or diminishing. If 
these two facts are known, the direction in which the cur- 
jxent circulates around the coil is determined by the follow- 
j rule: 

[ Rnlo. — // the effect of the action is to diminish the immber 
f lines of force that pass through the coil ^ the current zvill 
f^cu/ate around the coil in the direction of the movement of 
t hands of a watch as viewed by a person looking along the 
tagnetic field in the direction of the lines of force ; but if the 
^ect is to increase the number of lines of force that pass 
Wough the coil, the current will circulate around in the 
yposite direction. 

' For example, in the diagram. Fig. 3, when the coil is 
inserted into the magnetic field, thereby increasing the 
number of lines of force which pass through the coil, the 
current circulates from b around the coil to a, and thence 
through the galvanometer to b again; when the coil is 
withdrawn and the number of lines diminishes, the current 
circulates in the opposite direction, that is, from a around 
; coil to b, and thence through the galvanometer to a 
That end of the coiled conductor from which-the 
rrent flows to the external circuit, as from a through 
5 galvanometer, in the first case, is the positive pole or 
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terminal of the coil; in the second case, b is the positive pole 
or terminaL 

8. Referring to the straight conductor in which a cur- 
rent is generated by moving it across a magnetic field at 
right angles to the lines of force, the direction of the current 
in the conductor depends upon 'the relation of the direction 
of the lines of force to that of the moving conductor. The 
conductor must necessarily be moved across the magnetic 
field at some angle to the lines of force, and the current gen- 
erated in the conductor will tend to flow at right angles to 
the lines of force and at right angles to the direction in 
which the conductor is moving. In Fig. 4^ if the conductor 
is moved from left to right across the lines of force, the cur- 
rent generated in it will tend to flow upwards through the 
conductor ; that is, from ^ to a through the conductor, then 
from ^ to ^ through the g^vanometer. If the conductor is 
moved in the opposite direction, that is, from right to left, 
the current in the conductor will tend to flow in a reversed 
direction, that is, from a to 6 through the conductor and 
fn>m ^ to ^i through the galvanometer. A convenient 
inothixl for remembering the direction of a current gener- 
attnl in a straight conductor, when the conductor is moved 
in a majjnetic field at right angles to the lines of force, is as 
tolK^xvs: 

Uiilo, — /Vtu'c thumbs forefinger, and middle finger of the 
* .C"/.* ;,*•;«/ so that eaeh will he perpendicular to the other 

two; if the forefinger 
points in the direction of 
the lines of force and the 
thumb points in the direc- 
tion toward which the 
conductor is moving^ then 
the middle finger will 
point in the direction 
toward which the current 
generated in the conductor 
**v. \. tends to fiow. 
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For example, in Fig. 8, if a vertical conductor be moved 
across the front of the north pole A' of the magnet in the 
direction toward which the thumb points, the current gen- 
erated in the conductor will flow downwards, that is, in the 
direction toward which the middle finger is pointing. 

le summary of these electromagnetic induction experi- 
ts can be stated as follows : Hlcctroinotive forces are 
generated in a coniiuclor moving in a magnetic field at right 
angles to the direction of the lines of force, or arc induced in 
a coiled conductor when a change occurs in the number of 
tines of force which pass through the coil. 



rSICAL THEORY OF THE DYNAMO. 

0. In Fig. 9, a rectangular coil of coppei 
1 the center of a uniform field with its pi, 
Ucular to the lines 
I force ; in this posi- 
1, the coil encloses 
greatest number 
of lines of force. A 
voltmeter V M for 
measuring small 
E. M. F/s is con- 
nected to the two ends 
of the coil, as shown 
in the diagram. The 
circuit in the volt- 
meter is kept closed, 
and any E. M. F. 
generated in the con- 
ductor will be indicated by the deflection of the index needle. 
So long as the coil remains at rest in the magnetic field no 
E. M. F. is generated; hut imagine the coil to be rotated 
on an axis in its own plane, such as represented by the 
^MiT'oken line w/ «, in the direction indicated by the curved 
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again. The E. U. F. that is being generated at every 
instant during oac-half of a revolution can be shown by a 
continuation of the cunc on cross-section paper, Fig. 1"2. 
The sum of the divisions between ^t and C represents the 
total lime occupied by the coil in rotating one-haK of a rev- 
olution. It will be seen that the maiimum E. M. F. that is 
being generated at any instant is at position S, Fig. 10, 
which corresponds to S, Fig, 13. In this position the plane 
of the coil lies parallel to the lines of force, and its sides, 
corresponding to i-t/and <■/, Fig. 9, are cutting the lines of 
force at exactly right angles. The sides of the coil at the 
moment of passing through this position are cutting more 
lines of forie for equal inter\'als of time than in any other 
position during the first half of a revolution. 

From this fact the following principle is deduced: T/if 
£. M. f. gfHfratfii in a moving <ondtictor cutting lints of 
fortt at right angits is directly proportional to the rate of 
cnlling. Suppose, for esample, that a magnetic field con- 
tains 100.000 lines of force, and that a conductor is moved 
arross the field at right angles in such manner as to cut 
every line of force. If the time occupied by the conductor 
in passing across the field is one second, then the rate of 
cutting is 100,000 lines per second; or, if it occupied two 
seconds, the rate of cutting is 50,000 lines per second, and 
so on. The E. M. F. generated in the former case is twice 
as great as that generated in the latter. The method for 
determining the number of lines of force in a magnetic field 
will be described later. 

la. Fig. i;( shows the coil after being rotated one-half 
of a revolution. As soon as the coil starts on the last half 
of the revolution, its sides e il and e f cut a few lines of 
force, and, consequently, an E. M. F. is generated in each 
side. The E. M. F., however, tends to cause a current to 
flow in the coil in an opposite direction to that which tends 
to flow during the first half of the revolution. For, by 
applying the thumb-and-finger rule, the E. M. F. generated 
in the sides tends to cause a current to flow from c to d and 



from c to /; the end a of the coil, which in the first half 

»of the revolution was the negative terminal of the coil, now 
forms the positive ter- ^ ^ 

minal. Hence, in or- 
der to allow the cur- 
rent to enter the posi- 
tive binding post of 
the voltmeter, the 
connections must be 
reversed. 

The E. M. F. that 
generated as the 

11 is rotated through 
the last half of the 
revolution gradually 
rises as in the first 
half, reaching a maxi- 
mum height when the plane of the coil lies parallel to 
the lines of force, and afterwards falling to zero again 
as the coil reaches a vertical position. In Fig. 14, the 
E. M. F. that is generated in the coil at every instant 
during one complete revolution is graphically shown by 
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pie use of the cross-section paper. The sum of the divi- 
sions between A and E represents the time occupied by 

'the coil in making one complete revolution; the divisions 
between A and Y represent the E. M. F. which tends to 
send a current in one direction through the coil, as in the 

I first half of the revolution, and the divisions between A and 
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A' represent the E. M. F. which tends to send a current 
through the coil in an opposite direction, as in the 
last half of the revolution. The divisions between the 
curved line and the line A E, or base line, give the 
E. M. F. that is being generated in the coil at any instant 
during the revolution, and the direction in which the 
E. M. F. lends to act depends upon whether this E. M. F. 
falls above or below the base line A E. For convenience, 
let the direction in which the E, M. F, tends to act in the 
first half of the revolution be called the positive (+) direc- 
tion, and ia the last half the negmtlTe (— ) direetlon. 
For example, the E. M. F. that is generated in the coil 
when it has revolved three-quarters of a revolution is repre- 
sented by the distance between D and the curved line, which, 
in this case, is two divisions; and since these divisions are 
below the base line, the direction in which this E, M. F. 
tends to act is negative. 

13. In Fig. 15, instead of connecting the external cir- 
cuit directly to the ends of the coil, suppose the wires o 
and p to be brought to two brushes r and s, which lie in a 
horizontal position and bear on the two cotleclor rings x 
and J, respectively. These collector rings, it will be seen, 
are connected to the two ends of the coil; x Xo a zxiAy to b. 

The resistance of the entire circuit, including the coil, 
amrneter, collector rings, and brushes, is comparatively 
small; hence, any E. M. F. generated in the coil causes a 
corresponding current to flow through the circuit, and its 
strength is indicated by the ammeter A. M. When the coil 
begins to revolve, a feeble E. M. F. is generated in it, as 
previously described. This E. M. F. causes a corresponding 
current to flow through the circuit in a positive direction; 
a« the E. M. F. becomes larger, the strength of current 
in the circuit becomes greater, and vice versa. After the 
coil is rotated one-half of a revolution and the direction in 
which the E. M. F. tends to act becomes negative, the 
direction of the current in the circuit is also reversed. If 
there is no self-induction to retard the rise and fall of the 
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current in the circuit, the strength of the current in the 
circuit at any instant is exactly proportional to the E. M. F. 
that is being generated in the coil at that moment; for, 
according to Ohm's law, the strength of current in any 




Ircuit is equal to the E. M. F. generated in that circuit, 

ISvided by its resistance. The rising and falling and also 

e reversing of the current in all parts of the circuit for each 

nrolution, therefore, can be represented graphically on cross- 
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Ktion paper in the same manner as previously described for 
^e E. M. F. Fig. 16 represents the rising, falling, and 
Kversing of the current in the circuit for three complete and 
bODSecutive revolutions of the coil; the divisions between 
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A and E, E and /, and /and M represent the time of each 
revolution, respectively. The divisions between the base 
Hne A J/ and the curved line above the base line represent 
the strength of current in the circuit when the direction of 
How is positive, and those below represent the strength of 
current when the direction of flow is negative. Revolving 
the coil, therefore, at a constant speed generates a current 
in the circuit, which, in every complete revolution, rises 
gradually to a maximum strength and falls to zero in one 
direction, then is reversed, and the same effect is produced 
in the opposite direction. In other words, the current in the 
circuit alternates from one direction to the opposite direc- 
tion in each revolution. 

An electric current of this character flowing through a 
circuit is termed an alternating: current. 

14. The next step is to demonstrate the principle of 
changing, or commuting, this alternating current into a con- 
tinuous, or direct, current; that is, a current which always 




flows in the same dirtiction through the external circuit. 
In Fig. 17, the two ends of the coil are fastened to two 
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halves s and s' of a metallic tube. These halves are called 
segments, and in this case are separated by a small air 
space, the rigidity of the coil holding them apart. The 
combination of the two segments, or, in fact, any number 
of segments held together in this position, is called the com- 
mutator. Two copper strips -{-B and — ^, called brushes, 
press against the segments, and are held in a horizontal 
position while the coil is rotated. The brushes rub, or 
brushy against the segments and make electrical contact 
only. 

When the coil is in a vertical position, as represented in 
the figure, both brushes rest against both segments ; but as 
soon as the coil starts on the first half of a revolution in the 
direction indicated by the arrows, the brush —B leaves seg- 
ment s' and rubs only against segment s\ brush -\-B leaves 
segment s and rubs only against segment s\ As previously 
described, the electromotive force that is generated in the 
coil during the first half of a revolution causes a current to 
flow from a through the coil to ^, and from b through the 
external circuit to a again, making b the positive end of the 
coil. Hence, in this case, -\-B is the positive brush, and 
the current in the external circuit flows in the direction 
indicated by the arrowheads. As the coil starts on the last 
half of a revolution, the direction of the current in the coil 
changes, and a becomes the positive end of the coil. But 
the current in the external circuit continues to flow in the 
same direction as in the first half of the revolution, and -{-B 
remains the positive brush. For, at the beginning of the 
second half of a revolution, when end a of the coil becomes 
pK)sitive, —B leaves segment s and makes contact with s\ 
and -\-B leaves s' and makes contact with s. Hence, the 
current in the external circuit, during a complete revo- 
lution, flows from the positive brush -\-B through the 
ammeter A M and the resistance Re to the negative 
brush —B\ that is, the current in the external circuit flows 
continually in the same direction, while the current in the 
coil itself flows in two directions during every revolution. 
But the strength of the current in the external circuit is by 

//. S. 11,-7 
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no means constant; it rises from zero to a maximum 
strengrth and falls again to zero twice in every revolution, 
but always in the same direction. The effect is graphically 
shown in Fig. 18 by the use of cross>section paper, where 
the divisions between A and E^ E and /, and / and M repre- 
sent the time occupied by the coil in rotating each revolu- 
tion, respectively, and the vertical divisions between the 
base line A M and the curved line represent the strength of 
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the current in the external circuit at every instant during 
the three revolutions. The effect is produced continually 
in the external circuit if the coil is rotated at a constant 
speed. These impulses in the strength of the current give 
it the name of pulsating current. 

A consideration of the preceding paragraphs will show 
the student that direct-current dynamos require commu- 
t*\tors, while alternating-current dynamos employ only col- 
\v:v^r rinvrs. 

tCi» 111 I'ijJ. I*'', t:\vo separate coils are placed in a mag- 
Hs'^^v tioM at rii^ht angles to each other. Four metallic 
?«^^v^»ts *^\ .'^" \ .^"'. iuid .v" are cut from a cylindrical ring to 
?v*4*«t ^^^ ^'^^^^^"^^*^'^^*^^' and are separated from one another 
>^ <^«M^.l Air sj\ux*s: the two ends of ea( h coil are connected 
^'^ ^v vS:**v>^ito s^^gnients in such manner that an imaginary 
.vi^.^>^»>^ <\^**n\Vling the two segments together would lie at 
k»«it'V^ "o thv' plane of their (nil, as shown in the figure. 
*KvvtV >:v.s*.u*5^ +^'' ^^^^^^ —^' ^'^^^^ against the com- 
^v^SVi-'^^. ^'^^' ^^^'^* segments <liametrically opposite 
x*V£*- A i*'i^* drawn through tlie center of the 
xst^'NV^itiJi' ^^'^^ contact ends of the two 
K j^% tijiht angles t<> th(^ direction of the 
»jk ,tK ^tw^twlic field in which the coils are 
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rotated. As the two coils and commutator are rotated in 
the direction indicated by the arrows, the two brushes rub 
against the segments consecutively and always make con- 
tact with the two opposite ones. The brushes are connected 
to an exernal circuit consisting of the ammeter A M and 
the resistance Re. At the position of the coils in the figure, 
the brushes are rubbing against the segments s and s', which 




K »re connected to the ends of the horizontal coil. Prom 
previous e.tperiments, it will be seen that at this position 
the horizontal coii is generating a maximum E. M. F., 
which tends to send a current from a through the coil to b; 
lence, the current is flowing in the externa! circuit from -^JJ 
After the coils and commutator are rotated one- 
ighth of a revolution from this piosilion, and the E. M. F. in 
s coil begins to fall, the brush -\-B passes from segment s 
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and bmsfa — B passes from s' to s'". The 
K. SL P. tlttt is being gene ra ted m the vertical coil when 
tlte bnuhu p«SE tn segments s and s" is nearly maxi- 
B«B. Conseq u ently, the sxmigtb of the current which has 
bcco Avvii^ to tbe exlemal circuit from the other coil does 
aoC decFKUc to i«:t*j: it ■loly diminishes a small amount 
bcfon the segments of the next coU make contact with the 
brvshea, wben it begiins to increase again. It will he seen 
dttt dorii^ one campJete nerolalion of the moving parts, the 
bneiics passed D\TT fwir segments: also that the direction 
of the c ii ment pnodoced i* frmm the coils to brush -j-/J, and 
intf tbcia /r*m brush —B. Tbesc actions produce a direct 
cur re n t in the external circtnt vhich flows continually in the 
same din^rtion. but whose strength fluctuates, or changes, 
re^Urly four times in every revohitwn. 

By resorting again to the cros&-sect>o« paper, the fluctua- 
tJQOS u( the corrcnt in the exterior ciruait can be graphically 



^^gg^^ 
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shown. In Fig. 50, the divisions between the base line 
.-f .1/ represent the strength of current in the external cir- 
cuit for three complete revolutions. So long as the speed 
of rotation is uniform, the current decreases to a little less 
than three-quarters of its ma.\imum strength, provided, of 
course, the resistance of the external circuit is not altered; 
the dotted curved lines indicate how the strength of the 
current would fall to zero if only one of the coils were used. 
The strength of such currents can be made more uniform 
and the pulsations less noticeable by using several coils con- 
nected to the segments of a commutator, the planes of the 
coils being placed at equal angles from one imother. A con- 
tinuous current of uniform strength is known as a constant 
current. 
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B \ii. Ii has already been stated that the pcrincabihly 
of iron is much greater than that of air; or, in other words, 
if a piece of iron were inserted 
in a magnetic field, the num- 
ber of lines of force in the 
R field would be greatly in- 
[creased. Hence, if the coils 
ire wound around a cylindri- 
al drum of iron, as shown in 
|fig. 21, the number of lines . 
kf force passing through the ''"'■ *'■ 

loils is increased, and the E. M. F. that is generated is 
reater, since the E. M. F. is proportional to the rate of 
cutting of the lines of force. The 
coils are entirely insulated from 
the iron core by some non-conduct- 
ing material, such as cloth, mica, 
or paper; otherwise, they would 
be short-circuited on the core; that 
is. the current would flow through 
■ the iron instead of passing into 
e external circuit. The other 
x>nditions remain unchanged; i. e., the lines of force have 
Jie same direction as in the previous cases, and remain in 
me position while the coils are revolved. The core should 
lot be made of one solid mass of iron; for, if such were the 
ie, the core, when rotated, would act as a large closed 
»nductor, cutting 
|(ines of force at 
^ht angles. The 
, M. F. generated 
the core would 
local, or 
Kiddy, currents to 
through the 
ron itself, healing 
t and uselessly dis- 
ipating a large amount of energy 
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eddy currents would circulate in a solid iron core can be 
formed from Fig. 22. C represents the solid iron core, the 
top half of which is cut away. The curved lines and arrow- 
heads show the direction in which the eddy currents would 
flow if the core were rotated in the direction indicated by the 
large arrow. To overcome this difficulty, the core is made 
of a large number of round, thin iron plates, or disks, each 
disk being insulated from the adjacent ones by somt; non- 
ctintlucting material, such as tissue paper, insulating japan, 
or simply by the oxide formed on the surface of the disk dur- 
ing the process of its manufacture. The disks should be 
fastened together in such a manner that, when rotated in a 
magnetic field, their flat surfaces are parallel to the direc- 
tion of the lines of force and to the direction of rotation, as 
shown by Fig. 23. Dividing the core into disks in no way 
diminishes the magnetic permeability of the iron, and for all 
practical purposes, it prevents the eddy currents from (low- 
ing. A core made in this way is said to be laminated. 

17, Iron cores are generally made in two styles: drum 
or ring. 

A drum core may be defined as a laminated cyhnder, the 
length being generally greater than the diameter, such as 
shown in Fig, 23. 

A ring core may be defined as a laminated rim of rectan- 
gular cross -sect ion, such as R in Fig. 24. 

An iron core inserted between the poles of a magnet 
not only increases the total number of lines of force from 
the magnet, but attracts nearly all the stray lines of force 
from the surrounding air; that is, the lines of force prefer 
to complete their circuit through iron rather than through 
air or other non-magnetic substances. For example, in 
Fig. 34, an iron ring A' is placed between the poles jV and 5 of 
a magnet; the lines of force pass out from the north pole N 
and enter the iron ring. When passing across the air gap, 
they are uniformly distributed, but after entering the ring, 
they crowd together and remain in the iron as long as pos- 
sible. If the total number of the lines of force is large in 
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miparison with the cross-sectional area of the iron ring on 
/, a few will pass through the air in the inside of the ring, 




i shown in tlie cut; but in most cases the number of such 
ray lines is not large enough to be considered. Conse- 




aently, in Fig. 'JR, If a loop of insulated wire abed is 
ound around the iron ring, and the ring and loop are 



rotated on a central axis m n like the rim of a flywheel, 
only that part of the loop from a to ^ is cutting lines of 
force; the rest of the loop, from b to c and from c to li, is 
inactive in relation to the lines of force. From the thumb- 
and-finger rule it will be seen that the E. M. F. generated 
in the side a b oi the hwp tends to send a current from b to 
a during the first half of the revolution from y y' to x x', 
and in the opposite direction during the last half. 

18. No current will flow from the loop through the 
external circuit when the ring is made of some non-mag- 
netic substance, as will be understood from the following 
explanation: Imagine the iron ring to be moved from the 
field without disturbing the loop; then, imagine the loop to 
be rotated around the axis tn n in precisely the same path 




as before. The lines of force in the field are now uniformly 
distributed, and as the loop moves, the part between c and d 
will cut the lines of force at approximately the same rate as 
the part between a and b. But the electromotive forces 
generated in the two parts tend to oppose each other; that 
is, the E. M. P. generated between a and h tends to act 
away from b, and that generated between c and d tends to 
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away from c. Hence, there is no diiFerence of potential 
between the ends a and d, and no current will flow through 
an external circuit. 

After replacing the iron ring again, suppose the insulated 
ire to be wound around it several times, as represented in 
Pig. 20, and the ends of the coil connected to two metallic 
■egments .S"' and S'. By applying the rule, it will be seen 
ihat the electromotive forces generated in the separate turns 
at (J, />, and c are added together; that is, the difference of 
:potential between the brushes +Ji and —H is the sum of 
■the electromotive forces generated in the separate turns. 
The current obtained from such a coil is pulsating. For all 




practical purposes, the total E. M. F. generated by such a 
coil is directly proportional to the number of turns. For 
example, if a coil of 1 turn generates 3 volts at a certain 
position and angular velocity, then a coil of 4 turns will 
.'generate 8 volts under the same conditions, and so on. But 
Ihe turns in each coil must be approximately close together. 
For, if the coil is wmind over a large portion of the ring, 
»me of the turns, at one position of the coil, will be cutting 
Ihe lines of force as they pass out from the north pole, while 
Other turns will he cutting the lines of force as they enter 
the south pole, the electromotive forces generated in the 
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two cases being oppiised to each other. This action will be 
readily understood by winding the entire core with one large 
coil of several turns and connecting the two ends of the coil 
together, as represented in Fig. 37. This is known as a ring 
winding, or one in which the conductors are wound in the 
form of a helix on a ring core. At the instant the ring and 
coils reach the position shown in the figure, the E. M. F. 
generated in the separate turns tends to act in the direction 
indicated by the arrowheads upon the winding. No cur- 
rent can flow around the coil, because the electromotive 
forces generated in the two halves act toward each other 
at a' and away from each other at ('. 

19. It is possible, however, to obtain a continuous cur- 
rent from the coil by the addition of a commutator with 
several segments, as will presently be seen. If the ends of 
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a voltmeter are touched to a' and (' during the instant the 
coil occupies the position in Fig. 27, a difference of poten- 
tial between the two points will be indicated, a' being the 
positive point and i' the negative. Hence, if these two 



J 






points are connected tn an external circuit, a current will 
flow through it from a' to /', while the coil is at the position 
shown in the figure. As, soon, however, as the coil is 
rotated about one-sixteenth of a revolution, the difference of 
potential between n' and (' will Ijcgin to fall, and the greatest 
difference will now be found between /»' and /('. About an- 
other sixteenth of a revolution will bring the greatest differ- 
ence of potential between o' and ^', and so on. In short, as 
the coil is rotated, the greatest difference of potential will 
always he found between any two turns situated diametri- 
cally opposite each other when they pass through the ver- 
tical diameter .r/. The next operation is to provide some 
means to utilize this difference of potential between each 
pair of turns as they arrive in a vertical position. This is 
accomplished by connecting each turn to a separate segment 
of a commutator by a small conductor, and allowing two 
brushes to rub against the commutator at two points dia- 
metrically opposite each other on the vertical diameter .vy, 
'Tig. 28. From an examination of the figure, it will be seen 
thai the two halves of the coil are connected in parallel or 
multiple; that is, the current divides at ;', one half passing 
through the turns i, j, k, I, etc. and the other through 
//, g, f, r, etc. to a', where it again unites. The ma.ximum 
E. M. F, that is obtained from the coil is equal, therefore, 
to the E. M. F. generated in one-half of the coil. This 
statement will be better understcMid by comparing the coil 
to a battery of voltaic cells connected in multiple-series. 
For example, in Fig. 29, the separate cells from a to //, 
inclusive, correspond to the separate turns on one half of 

ij, and the cells 
from i' to /> correspond 
to the turns on the other 
half. The total E. M. F. 
of the above battery is 
ual to the E. M. F. of 
ler of the two sets 
'hich are connected in 
■farallel; and the total E. M. F. 
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the pfndnct of the E. M. F. of 1 cell and the number of 
crfb which are otanected in series, as from a to A, inclusive. 
If a crtfnpanitt^lT large nombcr of turns and segments 
ii ns«3, the current flowing from -{-fl. Fig, 28, through the 
extemal rircmt tjo —B will be practically continuous, thai is, 
Bin-palsatiqg: the flnctnatnos caused by the brushes whea 
paanng frora one segment to another are extremely minute, 
ukd pn>doce no appreda^ile change in the strength of the 
current in the external drcnit. 

30. A conductor wound upon a core in the manner 
shown in Figs. 27 and 28 is termed a closed-coil -winding, 
sincv an the turns are connected ti^ether in one continuous, 
or ilffs^d, cTwI, and the current is obtained from it by tapping 
into each turn or set of turns. In the case where the turns 
or sets of turns are separate and distinct from one another 
and their ends are connected to opposite segments of a 
oommutator, as in Figs. 19 and 36, the winding is termed 
an open-coll winding. 

81, A fliMfd-ctul tvriidmg- can be applied to a cylindrical 
ilnim ci're. as previously described, and a continuous non- 
pulsating current obtained from the brushes, as in the case 
of the ring core. The method of winding is somewhat 
similar to that of the ring, and each turn or set of turns is 
tapped into and connected to the segment of a commutator 
by a separate lead, as will be seen from the diagram. Fig. 30. 
This is known as a drum winding, or one in which the con- 
ductors are wound longitudinally upon the surface of a 
drum core. A drum winding may also be applied to a ring 
core, as will be seen. The conductor is started at any conve- 
nient place on the core, as, for example, at a, and wound 
iuross the face of the drum to the rear end; then, wound 
nearly diametrically across the end, and from there along 
(111- t';nv of the core to the front end at a'. From a', the 
1 miiiiii'tor is wound across the front end to a point some- 
H luil in jiilvance or behind the original starting point a, as, 
l"i i\itm[>li\ 111 /'; from ^ it maki^s another complete turn 
III liki' iiiaiu-.iT, which is followed by a third, and so on, until 
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the last turn is connected to the first by joining the two 
ends of the coil together at a. A separate lead L is tapped 
into the conductor at every complete turn where it is wound 
across the front end of the core and connected to the sepa- 
rate segments of a commutator. From an examination of 
the diagram, it will be seen that only a part of the wires on 
the face of the drum are cutting the lines of force as they 
enter and pass out of the core at any one instant during a 
revolution. At the position represented, the wires c', a, f 
and b' , r, a' are the inactive ones, so far as the lines of force 




lire concerned; but they still perform the important func- 
tion of completing the circuit for the current. The parts of 
the core where the wires are not cutting the lines of force 
as the core is rotated are called the neutral spaces; and 
the two opposite parts of the commutator to which the coils 
are connected are called the neutral points of the com- 
mutator. Each individual wire becomes inactive twice dur- 
ing every revolution and passes through two neutral spaces; 
'tut this fact does not change the positions of the neutral 
spaces — they lie on an imaginary diameter approximately 
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perpendicular to the lines of force. This same effect takes 
place in the commiitator, i. e., each segment passes through 
two neutral points during one complete revolution, but the 
neutral points remain in a fised position relative to the 
neutral spaces of the core. The neutral segments of the 
commutator, at any instant during a revolution, are those 
segments which are connected to the wires passing through 
the two neutral spaces at that instant. The neutral points, 
however, can be shifted to different points around the com- 
mutator by changing the leads from the coil to the seg- 
ments. For example, in Fig. 30, the two neutral points lie 
opposite each other on the commutator along the vertical 
diameter x y. But if the lead from / is connected to seg- 
ment No. 7, instead of No. 1, and the lead from // to 
segment No. S, and so on around the commutator, then the 
two neutral points will lie opposite each other on the com- 
mutator along a horizontal diameter, and in order to collect 
any current from the commutator, the brushes -|-/>' and 
— B must be shifted around a quarter of a revolution to these 
new neutral points. 

The current flowing through the winding divides at one 
neutral space and flows through the coil in opposite direc- 
tions, uniting again at the other neutral space, as indicated 
by the arrowheads. According to the thumb-and-finger 
rule, the current in all the active wires in front of the north 
pole flows along the periphery of the core towards the 
observer; that in the wires in front of the south pole flows 
away from the observer. 

SlS. The next step is to determine the magnitude of the 
E, M. F. in volts generated in a closed coil. As previously 
stated, the E. M. F. generated in a conductor cutting lines of 
force at right angles is proportional to the rate of cutting. 
Consider the case of a single conductor moving across a 
magnetic field in which the total number of lines of force is 
known; the rate of cutting is equal to the total number of 
lines of force cut by the uonductnr divided by the time 
required to cut them. This may be expressed in the form of 
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an equation: thus, raf e o/ cutting' ='—, vrheie .V is the lotAl 

number of lines cut and / is the time required to cut them. 

By definition, one volt is that E. M. F. generated in a 

conductor when it is cutting lines of force at the rate of one 

N 
hundred million (100,000,000) per second. Hence. E = y-r-, 

where E is the E. M. F. in volts and / the time in seconds, 
since 100,000,000 = 10*. 

For example, suppose a magnetic field contains 4,500,000 
lines of force, and a conductor cuts the total number in the 
same direction in 1.5 seconds. The E. M. F. that is being 



generated in the conducti 
4,500,000 



r is equal to. 03 volt, ( 



N_ 
' io' / 



.03 voh. 



100,000,000 X 1.5 

When two or more conductors are cutting lines of force 

nt equal rates, the E. M. F. obtained by connecting them in 

xies is equal to the E. M. F. developed by one conductor 

Biniultiplied by the number of conductors. Consequently, if 

N S 
■ is the number of conductors in series, then E = jj^., 

irhere E is the total E. M. F. in volts that can be obtained 

fSom S conductors cutting N lines in / seconds. For ex- 

nple, if 8 conductors are moved across the magnetic field 

mtaining 4,500,000 lines of force in 1.5 seconds, and they 

_7V5_ 4.500.0O0 X 8 

■ 10* / " 

= .24 volt. 

Next, imagine these 8 conductors to be moved across 
magnetic field in the same direction at the rate of 
I times per second for 1.5 seconds; then, the number of 
lines cut in one second is 4,500,000 X 30 = 135,000,000, and 
total number of lines cut in 1.5 seconds is, therefore, 

135,000,000 X 1.5 = 203,600,000. Hence. 
10' / 100,OOU,OUO X 1.5 



U"e connected io series, then E = 



100,000,000 X 1.5 
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Here « = the number of times per second that one con- 
ductor cuts the lines of force. 

But, in genera!, the E. M. F. that is obtained from several 
conductors connected in series moving continually across 
the same magnetic field at a constant number of times per 
second is independent of the length of time the operation 

is continued. For, in the above equation, E = — J — , the 



_ NSn 
10" ' 



two t's cancel each other, leaving the equation E ■■ 

In the above example, for instance, so long as the 8 con- 
ductors are moved across the magnetic field at the rate 
of 30 times per second, the E. M. F. generated in them is 
always 10.8 volts, no matter whether the operation is con- 
tinued for 1.5 seconds or for 1 hour. The time of 1.5 sec- 
onds was used merely to make the demonstration clearer by 
using a specific value fur /. 



23. The equation E- 
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can now be applied with 



some modifications to the closed-coil conductor wound upon 
either the ring or drum core. The ring core. Fig. 28,, will 
first be considered. In the equation, E is the maximum 
E. M. F. in volts that is obtained from the brushes +B 
and —B when the core is revolved; JV is the total number 
of lines of force passing from the north pole through the 
core to the south pole. Each wire, therefore, on the per- 
iphery of the core cuts the total number of lines twice during 
every revolution; or, in other words, each outside wire cuts 
a JV lines of force per revolution. S is the number of out- 
side wires on the periphery through which the current flows 
in series, and k is the number of complete revolutions per 
second of the core. Therefore, the maximum E. M. F. in 
volts that is obtained from the brushes is found by the 
formula 
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(1.) 



That is to say, //u- £. M. E. obtaiiifii fro 



'. number of 





^ 



eottdiiclors connected in series ami moved across a magnetic 
field is equal to twice the number of lines of force multiplied 
by the number of conductors in series and by the rn'olutions 
per second of the core, divided by 100,000,000. For example, 
assume the total number of lines ^V passing from the north 
pole through the core to be 3,000,000, or A'= 3,000.000. 
In the diagram, Fig. 28, there are H outside wires in 
series, or S~ H. If the core is rotated at 2,100 revolutions 

per minute, « = ' — = 35 revolutions per second. Substi- 
tuting the values in the formula gives li ~ — — 
2 X 3,000,000 X 8 X 35 ,^. ^ ,^ ,, ,._ , 

= m;m^M> — ^^^-^ """'• '"■ ^^^ ''•ff^'-^"'^^ °^ 

ipotential between the brushes -^-B and —if on open circuit. 
The difference of potential between the brushes when the 
external circuit is closed is somewhat smaller than when 
no current is flowing; because, as in the case of the voltaic 
cell, a part of the total E. M. F. developed is required to 
^pvercome the internal resistance of the coil itself. 

The,formula E = • — r— ; — holds equally true for the drum 

^oore. Fig. 30. In both cases, the number of outside wires 

Ktfarough which the current flows in series Is equal to one- 

vhalf the total number of outside wires. Hence, by using 

; magnetic field and rotating the cores at equal 

)eeds, the E. M. F. generated in both cases will be equal. 

24. The foregoing articles demonstrate the elementary 
rinciples and physical theory of a dynamo. A d^iiamo, 
iiercfore, is a machine for converting mechanical energy 
into electrical energy by electromagnetic induction. It has 
three essential features, viz.: (1) a magnetic field; (2) a 
conductor, or several conductors, called an ariiiHtiirc, in 
which the electromotive force is generated by some move- 
ment relative to the lines of force in the magnetic field; and 
(;f) a commutator, or a collector, from which the current i 
wllected by two or more conducting brushes. 
H. S, II.— S 




34 



DYNAMOS AND MOTORS. 



I 



§9 



In all dynamos, the magnetic field is produced cither by 
a permanent magnet or by an electromagnet, and they are 
classified accordingly; for present purposes, however, it is 
sufficient to consider only the uniform magnetic field lying 
between the poles of some large magnet. In the preceding 
article, the armature core and commutator were assumed to 
be fastened rigidly to a shaft and the shaft supported by 
suitable bearings in such a position that the core would 
rotate in the magnetic field with its axis of rotation at right 
angles to the lines of force. The shaft with core and com- 
mutator was assumed to be rotated by some exterior 
mechanical power. The armature conductors were wound 
directly upon the core and rotated with it. If it were not 
for mechanical considerations, however, only the armature 
conductors would need to be rotated ; the core could 
stationary. 



ARMATUItE REACTIOK8. 

85. When the current is flowing through the armature 
conductors, it produces several effects upon the magnetic 
field; and the field, in return, reacts upon the current. 
These effects will be considered before describing the typi- 
cal forms of dynamos. 

Consider the case of a single conductor in which a current 
is flowing from a voltaic battery or a continuous-current 
dynamo, and a magnet. It has been shown that a magnet 
and a conductor conveying an electric current exert a 
mutual force uptm each other; or, in other words, each 
tends to produce motion in the other. In the case of a com- 
pass placed over or under a conductor conveying a current, 
if the magnetic needle be held rigidly and the conductor be 
allowed to swing freely in a horizontal plane, it would tend 
to place itself at right angles to the length of the needle. 
In general, when a conductor conveying an electric current 
is placed in a magnetic field, the conductor will tend to move 
in a definite direction and with a certain force, depending 







g 9 DYNAMOS AND MOTORS. 

u/on the strength and direction of the eiirrcnt, and upon Ihc 
direction and density of the lines of force in thai field. 

Imagine that a conductor conveying an electric current 
is placed across a uniform magnetic field, and that it lies in 
a position at right angles to 
the lines of force. For 
example, the diagram in 
Fig. 31 represents a cross- 
sectional view of a uniform 
magnetic field, the dots 
representing the ends of 
the lines of force and the 
heavy line a conductor con- 
veying a current. The 
direction of the lines of 
force is assumed to be 
downwards, that is, pier- ^''"- ^^■ 

cing the paper; or. in other words, the observer ts looking 
along the lines of force toward the face of a south mag- 
netic pole. The lines of force along the conductor from 
the top to the bottom of the magnetic field act upon the 
current in the conductor with equal intensities, and all 
tend to move the conductor in the same direction. This 
action, if the magnetic field is uniform, is similar to that 
of a uniformly distributed load upon a beam tending to 
move or bend it. 

The motion imparted to the conductor is perpendicular to 
:he lines of force, and also perpendicular to the flow of cur- 
rent in the conductor. To fulfil these conditions, therefore, 
the conductor in Fig. 31 must tend to move bodily either to 
the right or left across the field; in which of these two 
directions it moves depends upon the relative direction of 
the lines of force with the direction of the current in the 
conductor. In this case, if the direction of the lines is 
downwards, piercing the paper, and the current flows _/>c/« 
the top to to the bottom of the diagram, as indicated by the 
small arrowheads, the conductor will tend to move from the 
left to the right in the direction in which the two large J 



■ left to th 
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arrows are pointing. If the direction of the lines of force 
only is changed, the conductor will tend to move in the 
opposite direction, i. e., from the right to the left; or, if the 
direction of the current in the conductor only is reversed, 
the conductor will tend to move also from right to left across 
the field. But should both the direction of the lines of force 
and the direction of the current in the conductor be 
changed, the conductor would still tend tu move from left 
to right. 

36, There is a convenient thumb-and-finger rule for 
remembering the direction of motion imparted to a con- 
ductor conveying an electric current when placed in a 
magnetic field; it is similar to the rule for generated cur- 
rents, with the exception that the left hand is used instead 
of the right. 

Rule. — Place thumb, forefinger, and middle finger of the 
left hand each at right angles to the other two; if the fore- 
finger points in the direction of the lines of foree and the 
middle finger points in the direction toward which the cur- 
rent flows, then the thumb will point in the direction of 
movement imparted to the 

For example, in Fig. 32, 
if a vertical conductor in 
which a current is flow- 
ing downwards is placed 
in front of the north 
pole A' of a magnet, it 
will tend to move in the 
direction as indicated hy 
(he thumb. 

37. Comparing the rule in Art. 8 with that given above, 
it will be seen that the two appear to oppose each other; or, 
in other words, the current which flows in the former case, 
according to the latter rule tends to oppose the motion of 
the conductor and move it in the opposite direction. This 
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is exactly what takes place. When a conductor is mo%'ed 
across lines of force, an electromotive force is generated 
which tends to send a current in a definite direction; if the 
circuit is open and no current flows, it requires no force to 
move the conductor across the field; but if the circuit is 
closed and a current flows through the conductor, then the 
action of the lines of force on the current opposes the origi- 
nai motion and tends to stop or retard the conductor. The 
opposing force is proportional to the strength of current 
flowing in the conductor; that is, if a current of l'> amperes 
acts with a certain force, a current of 20 amperes will act 
with twice that force, and so forth. Hence, the stronger 
the current in the conductor, the greater will be the force 
necessary to keep the conductor moving in the orij;inal 
direction. The above explanation will be made clearer by 
the graphical illustration in Fig. 33. The diagram repre- 
sents a cross -sectional view of a magnetic field, the direcliun 
of the lines of force being downwards, piercing the paper. 
If the conductor cc' be moved across the field by some 
exterior motive power in the direction indicated by the 
arrows a, a, a current will flow through the circuit in the 

direction indicated by 4 

the small arrowheads. ' 
The length of the 
arrows a, a may also 
serve to represent the 
magnitude of the force 
that moves the con- Ke.^ 
ductor. As the current 
flows through the con- 
ductor, the lines of force 
immediately react upon 
it, producing a counter 
force which tends to 
stop the conductor and fig. as. 

move it in the direction indicated by the arrows b, b. The 
counter force would never actually move the wire in the 
direction of the arrows b, b, but it exerts a dragging eflfect 
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upon the conductor, which would reduce its speed and 
almost stop its motion if the exterior motive force were 
not increased. So long as the conductor is moved, the 
applied motive force is always larger than the counter 
force, as graphically represented by the relative lengths of 
the arrows. 

38. The above principle explains the action of convert- 
ing the mechanical energy into electrical energy in the 
dynamo. For example, suppose that an armature is rotated 
at a constant speed in a magnetic field by some exterior 
motive force, as, for instance, by a belt from an engine. If 
the armature is properly wound and connected to a com- 
mutator, an electromotive force is generated in the outside 
conductors on the core, causing a difference of potential 
between the brushes. If the brushes are not connected to 
an external circuit and no current is flowing through the 
armature, it requires no energy to rotate the armature, 
excepting a small amount to overcome the friction of the 
shaft in the bearings and the loss in the armature iron by 
eddy currents. By connecting the brushes to an external 
circuit, however, and allowing a current to flow through 
the armature, the conditions are altered. The lines of 
force react upon the current in the conductors, tending to 
rotate the core in an opposite direction and to retard its 
motion; the stronger the current, the greater will be the 
retarding effect. Hence, in order to keep the speed constant 
and to generate a constant E. M. F., more energy must be 
supplied to the pulley from the engine. This retarding effect 
of the current is known as the counter torqne of a dynamo. 
The word torque, which will appear later in connection with 
the action of motors, means simply turning lorce. 

It can be mathematically proved that the mechanical 
energy delivered to the armature from any exterior source 
is exactly equal to the electrical energy obtained from the 
armature phis the energy lost in mechanical friction, eddy 
currents in the iron, and other small losses, which will be 
described subsequently. 



r 

^B 29. Besides producing a counter torque in the armature, 
*tbe current tends to distort or crowd the lines of force 
from their original po- — ■ 



sit ion in the magnetic 
field. This effect is 
termed armatnre 
reaction, and will be 
understood by inves- 
tigating the magnetic 
effects of the current 
the armature when 
; armature is re- 
loved from between 
the poles of the field 
magnets. In the dia- 
gram. Fig. 34, the cur- 
■rent is flowing through 
le armature coil 
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I the same direction as represented in 

The current circulating around the armature coil 

1 two directions acts as a magnetizing force upon the core 

ind produces two electromagnets. According to the rule 

Kor magnetic polarity, the two magnets thus formed oppose 

sach other at the two neutral spaces of the armature; that 

s their like poles /V, A" and S, S' tend to act in opposite 

tdirections at the neutral spaces. As previously explained, 

"■lines of force can never intersect each other, and will 

always produce consequent |3oles when acting in opposite 

directions at one place. Therefore, in this case, two con- 

I sequent poles are formed in the core, one at each neutral 

I space, as shown in the diagram.. The polarity of the con- 

Laequent poles, of course, depends upon the direction in which 

ihe coil is wound upon the core and the direction in which 

e current is generated. The same action occurs when the 

[nature is rotated between the poles of a magnet and a 

mrrent flows through the coil, although the conditions are 

lomewhat altered. The lines of force from the magnet tend 

1 pass through the core nearly at right angles to those 

woduced by the current. The lines can never intersect, 
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however, and they crowd and distort one another in order to 
coincide in direction. The lines that pass out from the 
north pole of the magnet tend to enter the core at the south 
consequent pole and to pass out from the core at the north 
consequent pole. At the same time, the south consequent 
pole is shifted toward the north pole of the magnet, and 
the north consequent pole toward the south pole of the 
magnet. The diagram in Fig. 35 represents the manner in 
which the magnetic field is distorted by the reaction of the 
armature current. In the case where the armature was 




^ed from the magnetic field, the consequent poles coin- 
cided with the neutral space; but when the armature is 
replaced, as in the diagram, the consequent poles are shifted 
backwards against the direction of rotation, and the neutral 
spaces are moved forwards in the opposite direction, as indi- 
cated by tile imaginary diameter x y. As the positions of 
the neutral points on the commutator depend upon the posi- 
tions of the neutral spaces on the core, they are also shifted 
forwards in the direction of rotation when the current flows 
through the armature; hence, the brushes must be moved 
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forwards in order toobtain the full E. M. F. generated in the 
coil. The stronger the current, the farther forwards the 
brushes should be shifted. 

30. From the fact that in all dynamos of this character 
the relation uf the lines of force, direction of rotation, and 
direction of current are constant, the neutral spaces are 
always shifted forwards in the direction of rotation when the 
current becomes stronger, no matter how the coil is wound 
upon the armature or in which direction the lines of force 
pass through the core. 

These armature reactions are not confined entirety to the 
ring core, but are produced with the same effects in a drum- 
core armature, such as represented in Fig. 30. If the direc- 
tion of the current is traced by the arrowheads upon the 
conductors, it will be seen that the current is flowing upwards 
along the face of the core in front of the north pole, as repre- 
sented by the open circi.es, Fig. 30, and downwards in front 
of the south pole, as represented by the solid circles. The 
lines of force surrounding each conductor in which the 
current is flowing 
coincide with those 
around the adja- 
cent conductors, 
forming a large 
number of long 
lines which pass 
through the core 
and produce con- 
sequent poles at 
the neiitral spaces, 
as shown in Fig. 
3G. The direction 
of the lines of 
force around the 
conductors in 
which the current 
is flowing downwards corresponds 
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am du while the direction of the lines around the 

other COB ws is <^)|KBitc. The Iine« fn>m all conductors. 

boweTer. coii^'ide in direction in passing through the center 
erf ibe core When the armature is rotated between the 
poka o* a «net. the field is distorted and the neutral 
spaces ^liftc! forwards in a manner similar to that described 
for the ring * ire. 

31. Annatarc reactions not tmly distort the magnetic 

field, but also hare a tendency to reduce the total number 

of lines of force from tb« ind thereby diminish the 

E, M. F. generated in e. This effect, however, 

can be almost entirely y increasing the strength 

of the field, or, in otbei increasing the number of 

lines of force passing th. tx)re. This fact leads to 
the consideration of Jlelt/ n 



FIELD su-i nrra. 

32. It has been previously stated that the magnetic field 

in all dynamos is produced from either a permanent magnet 

^^—^.,^^ or an electromagnet. A dynamo of the 

/ \^ first class is called a magneto-naachine. 

Such machines are necessarily small on 

account of the difficulty of making large 

permanent magnets; in fact, the field in 

most magneto-machines is produced by 

several permanent magnets placed side 

by side. The magnets are usually of 

'*' the U-shaped pattern, of hard Steel, and 

with a recess bored out between theends 

I'll. 37. of the poles to admit the armature, as 

n in the diagram, Fig. 37. 

the majority of magneto-machines are made for test- 
nii sijjnaJing purpctses where alternating currents can 
;cii to advantage, the armature is wound with one large 
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coil of wire, and the two ends of the coil are connected to 
two separate collector rings, as shown in Fig. .38. The alter- 
nating current is obtained from two brushes, one rubbing 
against each collector ring. Th« brushes can bear upon the 
collector ring at any position relative to the coil and the 




^Pfield magnets, since all parts of one collector ring are at 
the same potential in any instant. By comparing this coil 
with that in Fig. 13. it will be seen that the current obtained 
from the two brushes flows in two directions during every 

^Tfe volution. 

^B 33. In nearly all dynamos furnishing current for lamps, 
^Epower, and other commercial purposes, the magnetic field 
^HS produced by an elect romognet. This class of dynamos 
^^Is divided into various types, depending upon the man- 
ner in which the current is obtained to excite the field 
magnets. 

34. The first class of machines to be considered is 
P termed a !*eparately excited dynBioo, from the fact that 
I its field magnets are excited or magnetized by a current 
■om some external source, as, for instance, a voltaic bat- 
tery, or another continuous-current dynamo. The connec- 
a separately excited dynamo are represented in 
pig. 39. The magnetizing coils are wound around the 
wes of a magnet and connected to the terminals of a 
oltaic battery B. The exciting current flows from the 
Wttery around the cores of the field magnet in such a 




wiih Ik 
br roCatti^ tbe anai- 

o€ cbc cxatutt citr> 
rvnc ts not i^ange^ 
th«- diffrrvnce at po- 
tential betveca tht 
brushes of the dr- 
mmo wben the amu- 
ture is rotated at a 
uniform ^^peed remains 
consiant so long as 
ihe citemal circail is 
open; bat wbea the 
citemal circuit n 
ck>s«i, the difference 
of potential gradualiy 
diminishes as the 
Strength (4 current increases, owing to the internal rcstst- 
Mac€ of the armature cunductors and the reactions of the 
iirrnaliin; 'urrcnt on the field. 

illi. 'I'he maunotlTAnu foree is that which produces the 

liiii'x •■{ f'.n .; in the magnet. Its strength is' proportional 

111 111'' Hlri-tifilii "f current flowing and to the number of 

(■(.ih i.r ii,m]i]iU- turns arnund which the current circu- 

liHi-.. 'I'Ik' I'ltal iiiimlfcr uf turns multiplied by the strength 

(if (lie iiirrrni in atnjnrn:s will (five the magnetizing force 

In ittu\frfiiinii*. It has Ixxn proved that 10 amperes 

ciniilaiint,' an.iiiul -^o inrns (;xert precisely the same mag- 

neti/xitij; fnnr as I ainpcre riroulatin;( around 200 turns, or 

_ U 1W0 amiK:i*'.s vivvuhuin); urouml I turii. In each of these 

miPWni, thr mriirnt-li-ini: f-rrr is 200 ampcri-turns. But the 

Fvumberuf lint;!* of fcjrcr ijrnduccd in an electromagnet is not 

' dlrcrtly prnpnrlioniil in Ihi- majjuctizin;? f^jrce in ampere- 

fufnt. ThcHtrenglli of ihu masni.'t in lines of force depends 

a the permeability of the mugnetic substances used in 
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the core. The permeability varies greatly in different 
magnetic substances, depending upon both the physical 
condition and the chemical composition of the substance. 
Ill general, wrought iron, soft sheet iron, and slccl have 
greater permeability than cast iron, and, whenever avail- 
able, should be used in field magnets in preference. The 
permeability, however, of all magnetic substances changes 
with every stage of magnetization. In all kinds of mag- 
netic substances, the permeability decreases when the mag- 
netism is increased beyond a certain limit. This tendency 
of the substance to become less permeable is called mag- 
netic siitnrattoii ; that is, the substance becomes salurali-tl 
with lines of force and cannot hold any more, A limit is 
never reached where actual saturation takes place, but there 
is a limit beyond which it becomes impracticable to mag- 
netize the substance. The practical saturation in wrought 
iron, soft sheet iron, and cast steel is when there are between 
120,000 and 130,000 lines of force per sq. in. of sectional 
area of the iron, measured on a plane at right angles to the 
lines of force in the magnet. In gray cast iron, the prac- 
tical saturation limit is from 00,000 to 70,000 lines of force 
per sq. in. Hence, when these limits are exceeded, it 
requires an enormous increase in the ampere-turns to produce 
slight change in the number of lines of force in the magnet. 
Jl general, however, the field magnets of dynamos are 
designed with the density of the lines of force below the 
saturation limits, and it is safe to assume that any change 
in the strength of the current circulating around the mag- 
netizing coils produces a corresponding change in the num- 
ber of lines of force passing through the magnetic circuit. 
Consequently, if the strength of the current in the field coils 
of a separately excited dynamo is increased as the current in 
the armature becomes stronger, the E. M, F. obtained from 
the brushes will remain practically constant. This is usu- 
ally accomplished by inserting an adjustable resistance box, 
or field rheostat r, in series with the battery and field coils, 
and decreasing the resistance as the difference of potential 
ween the brushes tends t(j drop. 
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3V> Th« second class of machines with an elect romagnei 
b termed a self-^xcttln^ sbunt djiiumo, or simply a 
shnnt dj-namo. from the fact that the exciting current for 
the field magnet is furnished by the dynamo itself, the field 
coils being connected in skunt with the external circuit from 
the brushes. In Fig. 4i), one terminal of the magnetizing 
cnil is connected to the positive brush, and the other to a 
binding post on the field rheostat r ; the negative brush is 
connected to the arm of the field rheostat. If the resistance 
of the rheostat is neglected or cut out, it will be seen that 
the total difference of potential exists between the terminals 




of the magnetizing ouils when the dynamo is generating its 
maximum E. M. F. The magnetizing coils of a shunt 
vlviwii". however, consist of a large number of turns of 
ifcw »Ml>|»er wire, thus making the resistance large in com- 
M^-^^iU with the difference of potential between the field 
W*H**'wK In well-de.signed dynamos the resistance of the 
Uiiitk \>«»1 ist large enough to allow not more than about 
V- v; VNv (*»('» I iHTcnt of the dynamo to pass through the 
u V .v'*!^^ Vvr. «i<-ording to Ohms law, the strength of cur- 
u vk*i'V>V**'i''»"iil''»';'"g around the fiold oiils is equal to 
iH'-.vK'J- •■'t' IM'tential in vults ht-t wi'cn the brushes. 



^ 



divided by the resistance in ohms in the field ( 
ing the resistance of the rheostat. For example, suppose 
that the difference of potential between the brushes of a 
shunt dynamo is 500 volts when a current of 10 amperes is 
flowing from the armature. If 5^ of this current is required 
to excite the field magnets, the strength of current circu- 
lating around the field coils is 10 x .05 — .5 ampere; and 
if £, is the E. M. F, at the brushes, C, is the current in 
the shunt field, and R, is the resistance of the shunt field, 

then, according to Ohm"s law, Ji, ~ V — — - = 1.000 ohms. 



37. When a shunt dynamo is rotated at a constant 
ipeed, an appreciable length of time elapses before the arma- 
ture generates a maximum E, M. F, after the field circuit 
is closed, and in some cases a self-exciting dynamo will 
generate no E. M. F. until after it has been once separately 
excited. The starting of a dynamo to generate an E. M. F, 
is termed plc-klng-up, or Imlldlncf-up. If the field cir- 
cuit of a dynamo is open so that no current flows through 
^be magnetizing coil, the armature wilt generate no E. M. F. 
Tfhen rotated, provided the field magnets are not permanent 
magnets; consequently, when the field circuit is closed on 
a shunt dynamo, no current will flow through the magnet- 
izing coils, because there is no difference of potential 
between their terminals. But nearly all magnetic sub- 
stances become permanent magnets in a slight degree after 
once lieing magnetized. 

This permanent magnetism is called i-esldiial magnet- 
Ism, since it ri-sidis in the metal after the magnetizing force 
has been removed. In general, soft iron and annealed steel 
retain only a small amount of magnetism, and in some 
cases the residual magnetism is imperceptible. Chilled iron 
and hardened steel retain residual magnetism in large quan- 
lities. Artificial or permanent magnets are made by pla- 

Lg a piece of hardened steel in a dense magnetic field or in 
■tact with another magnet. Ludestone is the result of a 

itural residual magnetism. Iron and its alloys will ali 
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become slightly magnetized in the process of refining and 
working. 

From these facts it will be seen that the cases where field 
magnets do not exhibit some residual magnetism are exceed- 
ingly rare. The armature conductors when cutting the 
lines of force of the residual magnetism generate a small 
E. M. F., and this E. M. F., in turn, causes a feeble cur- 
rent to circulate around the magnetizing colls when the field 
circuit is closed. The residual magnetism is, therefore, 
reenforced by the magnetizing effect of the current, which 
is followed by an increase in the E. M. P. generated, and 
that, in turn, by a stronger current in the field. These 
actions and reactions continue until a limit is reached 
where the fields become saturated with magnetism, and 
the number of lines do not increase at such a rapid rate; 
finally, both the E. M. F. and the current in the field become 
constant, 

38. The difference of potential between the brushes 
of shunt dynamos gradually decreases as the current from 
the armature becomes stronger, on account of the internal 
resistance of the armature conductors and the reactions of 
the current on the field. The effect is even more marked 
than in separately excited dynamos, because a decrease in 
the difference of potential between the brushes causes a 
corresponding decrease on the field terminals, thereby weak- 
ening the current in the magnetizing coils. In order to com- 
pensate for the decrease in the E. M. F. , a field rheostat r 
of comparatively high resistance is connected in the field 
circuit, and so adjusted that when no current is flowing in 
the external circuit only enough current flows through the 
field to produce the normal difference of potential between 
the brushes; this normal difference of potential between the 
brushes is kept constant as the load increases by gradually 
cutting out, or short-circuiting, the resistance coils of the 
rheostat. 

— The word load as used above is :l ciimmoLi expression for 
n dynamos generating a ctinstaot ptUfntin], and the student 
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39. The third class o£ machines whose field magnets 
are escited by an electric current are termed st'ir-pxcItluR 
series dynamot^, or simply 
series dynamos. The 
magnetizing coils of a series 
dynamo are connected di- 
rectly in series with the ex- 
ternal circuit; that is, all 
the current from the arma- 
ture circulates around the 
magnetizing coils and flows 
through the external cir- 
cuit. The connections of a 
series dynamo are shown in 
Fig. 41. The current starts 
from the positive brush -\-B, 
circulates around the external circuit Re, from thence through 
the magnetizing coils back to the negative brush —B. The 
action of a series dynamo differs widely from thai of a shunt 
dynamo. In the first place, no E. M. F. is generated in the 
armature unless the external circuit is closed and a current 
flows from the brushes, that is, neglecting the small E. M. F. 
generated by the residual magnetism. In the second place, 
the difference of potential between the brushes depends upon 
the strength of current flowing from the armature. The 
E. M. F. , however, is not directly proportional to the 
strength of the current unless the internal resistance and 
reactions of the armature are negligible. Compared with 
the coils on a shunt dynamo, the magnetizing coils of a series 
dynamo are made of a few turns of a large conductor. This 
is necessary, because the coils usually are required to carry 
the total current from the armature; the conductor is made 
large to carry the current without heating, and only a few 
turns are used to secure the proper degree of magnetization, 
since that is proportional to the ampcre-tums. 

44X The E. M. F. of a series dynamo may be regulated 
ia three different ways, viz. : (1) By controlling the strength 

H. i. 11.-9 
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of current in the external circuit as previously described; 
(3) by short-eircuitfHg, or culling out, part of the magneti- 
zing coils ; and (3) by shunling part of the current around the 
magnetizing coils. 

The second of the above methods of regulating the E. M. F. 
will be understtiod from the diagram in Fig. 4-->. S F rep- 
SP resents the magnetizing 

coils. A is a contact aim 
which travels in either 
direction along the line 
— IT X y, one end making con- 
tact with the ends a, b, c, d, 
etc. of the series field, and 
the other being always 
connected to the external 
Kw. li' circuit Re. As the arm 

is moved toward x, the turns between it and k are cut out 
of circuit; that is, the current from the armature circulates 
around only those coils between the arm and a\ if the 
strength of the current remains constant, the magnetizing 
force is thereby reduced. On the contrary, when the arm 
is moved toward r, additional turns are connected in 
circuit, and the magnetizing force is increased. 
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41. Tli<- third nu'thod ,>f r.-Hulating the E. M. F. of a 
scries dyn;imo ihan^ii's the stren^ith cif the magnetizing 
current instead of varying the numijer of turns in the coih 



This effect is accomplished by connecting a resistance A", 
Fig. 43, in parallel or shunt with the series field coils i' F, 
the current dividing between the two circuits inversely pro- 
portional to their separate resistances. Consequently, to 
increase the magnetizing force on the field magnets, the 
resistance R of the shunt circuit is increased, and vice versa. 
The total current from the armature is made to pass 
through the magnetizing coils by opening the shunt circuit 
entirely. 

43. In the dynamo previously described, the regulation 
of the E. M. F. is not automatic; it is accomplished by a 
mechanical movement of an 
arm or contact. This move- 
ment is sometimes imparted 
by a magnet controlled by 
the current from the arma- 
ture, but more often the 
E. M. F. is automatically reg- 
ulated in the dynamo itself 
by a combination of the shun! 
and scries magnetizing coils. 
Such machines are termed 
compound, or shtinl- 
and-Sfrlfs. dynamos. In i"i" n 

Fig. 44, the shunt coiis consist of a large number of turns 
of fine insulated wire wound upon the core of the magnet. 
The series coils, consisting of a few turns of large insulated 
wire, are wound over the shunt coils. The main part of the 
urrent from the armature flows from the positive brush 
-j-5, through the external circuit Ri\ thence through the 
series coils to the negative brush —B. The two terminals 
L of the shunt coils are connected to the two brushes -f-5 
\ and —B, respectively. But the series and shunt coils are 
I so wound that the currents in both circulate around the 
I core of the magnet in the same direction when connected, 
|*as shown in the diagram. The action of both cui 
I therefore, is to produce the same polarity in the magnet, 
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the shunt current being reenforced by the series current. 
When thf ciynanin is not loaded, that is, when no current is 



t 




flowing in the external circuit, and the armature is rotated 
at normal speed, the normal E. M. P. is generated in the 
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^rm^ture due to the magnetic field prodnced by the shunt 
coils alone. Upon closing the external circuit, however, 
the difference of potential between the brushes tends lo 
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icrease, and would continue to decrease, as previously 
ribed in a simple shunt machine, if the series coils were 
;lected. The current circulating through these, however, 
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reenforces the magnetizing force of the shunt coils, ar.d 
immediately increases the numl)er of lines of force in the 
field, which, in turn, raise the difference of potential 
between the brushes to normal. These actions are pro- 
duced simultaneously, and, to all appearances, the dilL r- 
ence of potential between the brushes remains normal f«'r 
all changes of l-^ad in the external circuit. This method nf 
regulating the K. M. V. of a dynamo is called e<)iiiiM)un(l- 
IiiU. The toriiiliials oi a dynamo are the binding p'>st> 
to which the external circuit is connected; in a series, or 
com|>ound, ilynamo one terminal is attached to the outside 
end of the series coils, as — T in Fig. 44, and the other 
terminal is connected directly to the brush, as represented 
by + r in the tigure. It is desirable in a great many < asrs 
to ovor-coiiipouiul a dynamo, or, in other words, to wind. 
a sufficient' number <»f turns on the scries coils so as t'» 
increase the ditVerence of potential between the terminals 
of a dynamo ab'»\L' normal when the load increases. The 
expression ptM- tu^iit. ovor-c<>miH>uiid means that the dif- 
ference of potential between the terminals increases a given 
ixT cent, of thi- normal when the load is at a maximr.ni. 
y.^r e.\amplc. sni»j>"-iv- \\\y :i. 'rnial vidtage of a dynani";^ 
'- •» Visits and il i^ I" ■ '\ • - < ■ ■nipomul at full load; the di*'- 

:'\"v*o of potential in twr-ri {\\k' terminals of the machine at 
>ad is, therefore. ;.im - (;,iio / .in) — ;).'io v<>]ts. 
* >.*me cases it i-- a:i .i^l\aniaLi'e to eonnect the slumt 

•• ■ ; .■.:>ide the serie^. e. .;!>> : thai is, in I-^ig. 41-, to c(»nne<t 
.. .T-._^-,;v.vo end of t he >:i!ir: e.-ii totlu.' negative termin:il 
'<;,Vvl of being (< •M!i(. i(.i i.. ih,c Tiegative l.irush — />'. 
- ^ - ,- ',v::vM"i is sel(l"ii; ri-e<i in praetiee. 



.^-♦•i-S OF lUrOI.MI MILD AlACiNKTS. 

■ ..> ivpes •'! !;■. i'i ma-nets for dvnamos in 

\- revolves 1m;\\(.-;i ..nlv i)in' pair of pole^ 

.\ it is (ii-!'>li).ir\ t" speak of sneh 

-*- Aviiaiuo^' lr<.m tiic faei that onlv one 
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pair of poles is presented to the armature. The broken hnes 
and arrowheads in each of the separate cuts represent the 
paths of the lines of force which must pass lengthwise 
through the coils from the north pole to the south pole. The 
_,black dots indicate a cross -sect ion through the wires which 



1 the c 



Field p(jles are distinguished as follows with respect to 
die coils producing them: {tt) siillent |>olt'Si (6) t^onse- 
ncnt iM>tes. 

In all cases where a single coil is used, or where, if two 
loils are used, they are wound sa as to produce unlike poles 
t their free ends, the poles are called salient poles. When 
WO coils are used and wound so as to make their adjacent 
oles similar, the resultant poles are called consequent 
Dies. 

Referring to Fig. 4fl, salient poles exist in fields /?. C, G, 
',. K, L, M, N, and consequent poles in A, D, E, F, If, I. 
JThe adjacent coils in ^, Fig. 45, have their adjacent poles 
t N and i" similar. Were these poles opposite, the mag- 
tetic flu^ would circulate anmnfl the magnets without 
issing through the armature. 



TYPES OF DYXAMOS. 

44. Dynamos are divided into three general types, 
lepending on the character of their currents. These three 
grpes are : 

Coiwtaiit-iwtentlal dyimmos. in which the E. M. F. 
lains constant and the strength of current (continuous) 
dianges with the load or external resistance. 

Con-ttant-current dynamos, in which the strength 
F current (continuous and pulsating) remains constant and 
ie E. M. F. changes with the load. 

Alternating-current tiynamof', the current from 
which alternates or reverses direction with great rapidity 
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and whose E. M. F. is constant. In ordinary alternating- 
current dynamos, the reversals average generally either 
7,300 or 10,000 per minute. 

Note. — A dynamo wliith generates c 
been conventionally termeii a general 
machine for lighiing. 



CONSTANT-POTENTLIL ni-NAMOS AKD 
(;E>rEKATORS. 

lii. The foregoing articles have demonstrated the prin- 
ciple and regulation o£ constant-potential dynamos, but only 
one form has been considered, namely, a dynamo in which a 
ring or drum armature is rotated between only one pair of 
poles from a U-shaped magnet. Theoretically, however, 
constant -potential dynamos can be built with one armature 
revolving between any number of pairs of poles, although in 
practice eight pairs of poles are seldom exceeded, except in 
machines for large output and slow speed. Machines hav- 
ing more than one pair of poles are called multipolar 
dj-uaiiios, 

In multipolar dynamos the pole pieces and field t 



fastened 




.gnetic joke more or less circular in 
shape as shown in Fig. 46, 
y. hich represents the mag- 
netic circuits of a four- 
pole dynamo. A magnet- 
li-ing coil is wound upon 
I h held core, and the 
I m I jils are connected in 
n s in such a manner 
rl iL when a current circu- 
1 around the coil, it 
I 1 dines, first a north pole 
and then a south pole. 
The hues ai force from 
each held core divide into 
two magnetic circuits in 
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the yoke and armature, as represented in the diagram. 
Their density is practically uniform, however, where they 
|iass from the north jrole into the armature core, or from 
the armature core into the south ptile. In nearly all multi- 
j>i)lar dynamos this same principle of polarity is applied, 
that is, every o.'/u-r pole is of like polarity, and lines of 
force from each core divide into two magnetic circuits, in 
the armature and in the field yoke, 

46, The process of generating an E. M. F. is similar to 
that in bipolar machines, but there are some points which 
should be understood. Consider first the case of a ring core 




with a closed-coil winding as .shcjwn in the diagram, Fig. 47. 
f the armature is rotated in the direction of the large arrow, 
he E. M. F. generated in the conductors in front of the 
louth poles will tend to act downwards along the face of the 
)ole, while that generated in front of the north pole will 
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By tracing out, by aid of the small 
arrowheads on the conductors, the direction in which the 
E. M. F. acts, it will be seen that there are four points 
where the E. M. F, acts in opposite directions. The action 
of the electromotive forces is to meet at a' and *' and to 
divide at e' and m'. The segments connected to a' and i' 
have the same potential and form tvio positive neutral points 
of the commutator; the segments connected to e' and m' 
have the same potential and form two neutral points of the 
commutator. Hence, four brushes are necessary — two posi- 
tive and two negative. The current is obtained from the 
armature by connecting the two ptisitive brushes in parallel 
to one terminal of the external circuit and the two nega- 
tive brushes to the other terminal, as shown in Fig. 48. 
The currents from the positive brushes unite to form the 
^ current in the external circuit and di- 
vide again between the negative brushes. 
The current in the armature is divided 
into four circuits in parallel instead of 
two, as in bipolar dynamos, and the 
maximum E. M. F. that is obtainable 
from the brushes is equal to that gener- 
ated by the active conductors in one of 
''' the circuits only. For example, the 

difft-rente of potential between the positive and negative 
brushes in Fig. 47. when no current is flowing, is equal to 
the E. M. F. generated in one-quarter of the outside wires 
on the core; or, in other words, the total E. M, F. of the 
armature is proportional to the number of outside wires 
connected in series between brushes of opposite polarity. 

The current in a ring armature wound and connected in 
this manner, if placed in a field magnet of six poles, would 
divide into six circuits in parallel ; if the armature is placed 
in a field magnet of eight poles, the current would divide 
into eight circuits in parallel, and so on. An armature 
winding of this character is called a pftrallel, or multiple, 
Avlndins, since the current divides into as many circuits in 
parallel as there are poles in the field magnet. 
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47, It is possible, however, to connect and group the 
conductors in an armature for a multipolar dynamo so that 




the current divides into two circuits only, makinjj the num- 
ber of active conductors in series equal to one-half the total 



DYXAMOS AND MOTORS. § 9 




miinber of outside wires on the core. This armature wind- 
ing is termed a Sfn'es wiiiJing, since one-half of the total 
outside wires is the largest possible number that can be 
connected in series and produce a continuous current. 

Ther_e are many different methods of connecting and 
■winding armatures for generating a continuous current, the 
method used depending upon the character of the current 
and E. M. F. desired. Drum windings as well as ring 
windings are connected in a variety of ways for multipolar 
and bipolar dynamos, but the principle of commutation and 
generation of E. M. F. does not differ from that previously 
described; the E. M. F. is always proportional to the num- 
ber of outside or active wires connected in series. 

48. The regulation of multipolar dynamos tor constant 
lOtential is accomplished by the changing of the strength 
f the magnetizing force, as in the bipolar machines. In a 

wmpound dynamo, the series coils are wound on each field 
»re and all connected together in parallel or series, which- 
!vcr is more expedient. 

49. T>iM?s of Multipolar Field Maprnets. — The various 
Rypes of multipolar field magnets are shown in Fig. 4H. 

Consequent and salient poles are used as in bipolar field 
magnets, but the type generally employed has salient poles 
alone, as in C and E. A embodies both consequent and 
salient poles. In B the field magnet is surrounded by the 
armature and is known as an internal-pole dynamo. The 
armature in all cases is that part of a dynamo in which 
thf current is generated. Each type of field magnet in 
the above figure has its own special advantages, but all 
represent good design. 

I .TO. Mechanical Constmctl on.— Heretofore, only the 

principles of a dynamo have been considered; its mechan- 
ical construction in detail depends upon the requirements of 



the machine and upon the 
designer. A few general ren- 
Bstruction of the principal parts 



iginality and taste of the 
irks, however, on the con- 
)f the machine are necessary 
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cotton or rubber tape; an electrical contact of two leads will 
short-circuit and burn out the intervening coil. It is some- 
times the practice to use the armature conductors them- 
selves for leads by looping the conductor and connecting the 
end of the loop to the commutator. Thi.s is bad practice, 
however, and, except for small dynamos, ought not to be 
followed. A large, solid copper wire is liable to become 
crystallized by the repeated vibration of the machine and 
will eventually give way. 

53. Commutator. — Every maker of dynamos has a 
special design of commutator, but all embody the same 
general construction. Fig. 51 shows two enlarged views of 
a commutator such as is shown in place in Fig, 50. It will 
be noticed that the segments are broader on the outside of 
the commutator than near the center, thus providing for an 
equal thickness of insulation between all parts of adjacent 
bars. A portion a of each segment projects above the gen- 
eral level of the commutator surface, and is provided with a 
slot into which the armature leads are securely fastened by 
screws s, s, as shown at /. Sometimes the leads are soldered 
to the segments. The method of clamping and securely 
holding the segments is shown in the lower view. The com- 
mutator shell, it will be seen, consists of two rings r^: and f,f„ 
clamped together by bolts 3, ^. The notches « in the seg- 
ments fit over corresponding projections on the rings, and 
as the bolls are tightened the segments are drawn firmly 
against the insulation which separates them. The commu- 
tator shell is usually made of brass, sometimes of cast iron. 
This shell is, of course, thoroughly insulated from the com- 
mutator segments. A key is fitted into the commutator 
shell and shaft to cause the commutator to turn with the 
shaft. The armature leads from the winding are soldered 
or screwed to ears or clips extending from each commutator 
bar, as shown by the cross-sectional view. 

54. Brushes au<l Briish Holders. — In the cut of the 

machine in Fig. 5i>, the brushes shown are made of carbon 
and rub against the segments o£ the commutator radially, 
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i pressure being regulated by a spring which is attached 

D a hammer pressing on top of the carbons. The carbons 

VjBlide in slots in the brush holders, fitting snugly, with but 

"little play or lost motion sideways. Both brush holders are 

provided with studs which pass through hoies in the roclcer- 




arm, each stud being insulated from the arm by insulating 
bushings, as shown in the cross-sectional view. The rocker- 
arm is fitted over the journai-box, and can be rocked or 
rotated to change the position of the brushes on the com- 

t as the position of the neutral points changes when 
S. II.-io 
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the load is varied. This action is usually accomplished by a 
handle attached to the rocker-arm ; and a thumbscrew or set- 
screw is provided to hold the rocker -arm in p<isition when 
properly adjusted. The current is taken from the brushes 
by a cable or flexible conductor connected to the brush 
holder, generally by the use of a small cable clip surround- 
ing the stud. On some kinds of dynamos it is customar}' 
to use copper brushes; that is, brushes made either of 
copper leaves, strips, wires, or gauze. Such brushes are 
built in a great variety of ways, and on constant -potential 
machines are generally used where the E. M. F. does not 
exceed 135 volts. 

55. Journals or Bearlngrs. — The armatures of most 
dynamos are generally driven at a high speed compared with 
the average rotating machinery, and hence it is important 
that the journals or bearings should be of the best design 
possible. In the dynamo shown in Fig. 60 the bearings are 
called seir-allnlDB boxes; that is, the lining;s are allowed 
to find their own alinement with the shaft. This is accom- 
plished by turning a spherical surface f, around the center 
of the lining and turning the cap and standard to match, as 
shown in the cross-sectional view. The linings / in such 
a bearing are usually made of some composition metal, as 
bronze or gun-metal, for small machines; on large machines 
the linings are made of cast iron covered on the inside with 
babliitt metal. 

The best practice in iuliricating high-speed journals in 
dynamos Is to make thi; bearings self-oiling or st'lf-lubriea- 
liiiji : that is, to design the bearings with a reservoir of oil 
liclnw the j<iurnal, using some device to carry the oil from 
the ri-scrvoirs to the top of the journal, from whence it 
ih'ws annuid the journals and drops back into the reservoirs 
■Hi, nil. This method produces a constant circulation of oil 
tiv'iiiiil ilu- journals and allows the oil to be used over and 

\ ^s^•^l uii-lhod of automatically oiling or lubricating 
■•v-» .utw'ti ii'urnals is shown in the cross-sectional view in 






Fig. 50. Two slots are cut across the top of each lining, 
perrailting two circular cit7 rings U to rest upon the journals 
of the shaft; the diameters of the rings are made large 
in comparison with the diameter of the shaft, and their 
iwcr parts dip into the reservoirs of oil. When the shaft 
rotated, the friction between it and the inside of the 
111 rings causes the latter to revolve, thus carrying the oil 
which adheres to the bottom part of the rings to the top of 
the journal, where it finds its way between the linings and 
the shaft. 

In general, any freely lubricated journals can be used in 
■dynamos or generators. 

50. DrlvIoK Mechanism .—The armatures of nearly 

all dynamos are driven in one of the following ways: (1) By 

using a flat belt passing over a pulley on the armature shaft. 

(2) By using several ropes, side by side, running in a grooved 

pulley. (3) By connecting the armature directly to the 

rank-shaft or shaft of the driving machine, which, in most 

ies, consists of a steam engin«, steam turbine, or water- 

'heet. In any of the above methods, the driving mecha- 

lism should be amply capableof transmitting the total output 

the dynamo with 

suitable factor of 

Fety. 

57. A perspec 
w of the hi 

liar dynamo just 

[escribed is shown 

Fig. 52. In lh<. 

igure the machint. 

presented as 

idy for opera 

ig, and is mount 

upon sliding 

,ils which are at 

:hedtothewood- •'«'■»■ 

bedplate. Two adjusting screws, one on each side of the 




r 
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machine, are used to move the dynamo along the rails, 
thereby loosening or tightening the belt as the circum- 
stances may require. The current passes from the brush 
holders through flexible copper cables to two terminals 
fastened to, but insulated from, the pole pieces; from the 
terminals the current passes through the series winding im 
the field or magnetizing coils, and thence to a small con- 
nection board on the top of the pole pieces. An incan- 
descent lamp is connected between the main terminals of 
the connection board, and is used to indicate when the 
machine is generating its normal E. M, F, A lamp used 
for this purpose is usually called a pilot lamp. 

58, A multipolar dynamo for developing a constant 

potential and ready for operating is shown in Fig. 53. In 



Ithi 




this machine the frame is made of two main castings; one 
insisting of the upper magnetic yoke and two pole pi( 
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and the other consisting of the lower magnetic yoke and two 
pole pieces, from which project two extensions for support- 
ing the pillow-blocks. The dynamo slides upon a cast-iron 
bedplate, and adjustment is made by a screw, as in the case 
of the bipolar dynamo. 

The two dynamos previously described are illustrations 
taken from actual practice and embody some special fea- 
tures which are not found in other machines of the same 
character; they were selected, however, on account of their 
simplicity, to convey to the student a general idea of how 
electrical principles are combined with mechanical con- 
struction. 



ilCFFICrENCY OF CONSTANT -POTENT LAX 
DnVAMOS. 
69, As previously stated, a dynamo is a machine for 
converting or transforming mechanical into electrical 
energy. In any transformation of energy, the total amount 
of energy is constant; when energy which is manifested in 
one form disappears, the same quantity will always appear 
again in another form or in several other different forms. 
This action is exactly that which takes place in a dynamo. 
A certain amount of mechanical energy is delivered to the 
armature shaft of the dynamo by a belt or some other trans- 
mitting device; a large portion of the energy is converted 
into electrical energy in the armature conductors and is 
transmitted to the external circuit, while the rest of the 
energy, usually the smaller portion, is converted directly or 
indirectly inln heat energy in the different parts of the 
dynamo itself. The amount of energy delivered to the arma- 
ture shaft is always equal to the energy appearing in the 

■ external circuit from the brushes, plus the energy converted 
[iDto heat in the dynamo itself. 

In a dynamo the mechanical energy delivered to the arma- 
I'ttire shaft is usually called the Input; the electrical energy 
kftppearing in the external circuit from the brushes is called 

■ the output; and the energy converted into heat directly or 
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Prom I&,000 tn lOO.MO vatts oatput inclcisii-e, about Wf 



From ISO.OOO vatts oatpot and upwards, from ¥1 to V3< 
cfficienry. 

The method uf actitany testing x dynanm to find its effi- 
ciency and lossc* is beyond ihc scope of thi* sectioo; the 
alxn-c. hiitrever, will serve as a ^ide to the stndcnt trfaca 
computing the necessary piiwer required to drive dynamos 
ti( different capacities or output!). 

62. \rhen the output of a dynatoo and its corresponding 
efficiency are given, the input necessary may be found by 
the fCH'muIa 

/- I'^X <? 
'~ E ■ 



(4.) 



That is, /A<- /»/«/ ntettsary to dritt a dyttattto, Tchm its 
output and efficitncy at that output are giitn, is obtained by 
dividing the output by the per cent, effifieruy and multiplying 
the (juolient hy KKi. 

ExAMn.Kl. — Thei^lfincncyofa canstaat-potential djnamo is found 
to tie Sftf when Kiving ftii output of V.94I watts; find the input !□ 
Ytiyt^WftnvieT ncwHsary tu drive its armalure shaft under these con- 



■1.— lly fr)rniula 4, the input necessary / = 



= 7,4ft) wiitis. The L'liiLivak-nl of 7,460 watts in horsepower ii 

= 10 horstiH.wtr, tthicli is tlii; power 
shaft of th(^ (lyiiamii iindcr 

When the input "f a dynamo and its corresponding 
efficiency ntv Hi^cn, llii.' nutpyt mav be found by the formula 

That is, ///(■ output of a dynamo, of zvhich the input and the 
efeieney at thai input arc given, is obtained by multiplying 
e impMt by the per ecnl. efficiency and dividing by 100. 

—An inpat of M horsepower is delivered to the shaft of 
i; if hs efficiency at that Input is 89.S£, find its output in 
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Solution. — ^The equivalent of 85 horsepower is 85 X 746 =26,110 
watts. By formula 6, the output of the dynamo under these con- 
ditions, 

O = ^"^2^ ^^ = 28.8C8.45 watts. Ans. 

63. The total loss of power in a dynamo can be sepa- 
rated into smaller losses, depending upon the manner in 
which the loss is produced and the part of the dynamo in 
which it occurs. In ordinary cases, all the losses will come 
under one or more of the following heads: 

1. Mechanical-friction loss. 

2. Core loss. 

3. Field loss. 

4. Armature loss. 

64. Friction liosees. — The larger part of the loss due 

to mechanical friction takes place between the bearings and 

journals. The brushes rubbing on the commutator produce 

some friction and consequent loss, but the amount is small,^ 

unless carbon brushes, under heavy pressure, are used. The 

per cent, of power lost in mechanical friction necessarily 

depends upon the construction and condition of the bearings 

and journals, upon the size of the machine, and, to some 

extent, on the method of driving the armature shaft. Under 

ordinary conditions, the loss in mechanical fricticMi should 

not exceed 5^ of the input of dynamos from 1,500 up to 

about 10,000 watts output, and 3^ of the input of dynamos 

from 15,000 to 100,000 watts output. For example, suppose 

that a dynamo has an efficiency of 88,^ at its rated output of 

22,000 watts, and a test shows that 2.5^ of the input is lost 

in mechanical friction. The total loss in the machine is 100 

— 88 = 12^, of which 2.5^ is lost in friction; the remaining 

9.5^ loss is due to other causes. The total input to the 

machine, from formula 4, is ^V/-^ X 100 = 25,000 watts; 

u *u 1 ^ • r • ^- • 25,000 X 2.5 ^.^,, 
hence, the power lost m friction is — - — — — = 625 watts. 

65. Core Liosses. — The core loss is the energy con- 
verted into heat in the iron disks of the armature core when 
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ot watts (fV) required to excite the field magnets = 
= lOO* X .1 = 100 X 100 X -I = l.OOO watts. 

67* In a shunt djtianKt which generates a nearly con- 
stant poienttai for limited strengths of current in the urina- 
ture. the field coils asualiy consist of a large number of turns 
of fine wire, offering a high resistance compared with the 
field coils of a series dTnamo. The two terminals or ernis 
of the shunt field coils are connected to the positive and 
negative brushes, respectively, of the dynamo in parallel 
with the external circuit, thereby allowing the full potential 
of the dynamo to act against the resistance of the coils. 
Then, from Ohm's law, the current in the shunt coil is equal 
to the electromotive force of the brushes divided by the 
resistance of the coils. Let £, represent the difference of 
potential between the brushes of the dynamo when running 
at normal speed and fully excited, let r, represent the 
resistance of the shunt coils, and C. represent the curreiu 
in the shunt coils. Then, from Ohm's law, the current in the 

E 
shunt coils is given by the formula C. = — ^. For example. 

BUppose that a shunt dynamo, when titming at a constant 
Epeed, generates a lunstant difference of potential of 
110 volts, and the resistance of the magnetizing coils from 
the positive connection to the negative connection is 55 ohms; 
or £, = 11" volts and r. = 55 ohms. Then, the current in 
the shunt coils would be given by substituting these values 

in the above formula, or C, = --' = — = 2 amperes. 

This gives the strength of current in the shunt coils, but 

ckwsnot indicate the amount of power required to constantly 

MCtW the field magnets. The power in watts is IV^ C E\ 

- 1. jg equal to the current in amperes flowing through 



thr «kWt 



coils multiplied hy the difference of potential i 



■,ri»tl.W««" 



ihetcrminalsof the shunt coils. We havefound 



that the current C = 3 amperes and theE. M. F. 
ifti)»c»s« ^^^ H'= a X IIU ^ 3^0 watts, which rep- 
*"^^''wT)fti«rr«iluiredtoexcite the field magnets. 
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I Ail other conditions being similar, the same number of 
^atts will be dissipated in a shunt field coil as in a series 
toil, provided an equal amount o£ magnetizing force is pro- 
Biced in the two cases. 



68. In a compound-wound dynamo, the field loss con- 
Fsists of two losses, one in the series coil and the other in the 
shunt coil. The loss in the series coil depends upon the 
strength of current flowing from the dynamo, as in the case 
of a simple series dynamo, while the loss in the shunt coil is 
constant, irrespective of the load on the machine; provided, 
of course, the dynamo generates a constant electromotive 
force for all loads. This can readily be understood from the 
following example: A dynamo is compounded to generate 
230 volts between its terminals for all loads up to its rated 
capacity; that is, when the current from the armature 
becomes stronger and the difference of potential between the 
terminals tends to fall, the current in passing through the 
series coil strengthens the field magnets sufficiently to keep 
a difference of exactly 220 volts between the terminals of 
the dynamo. Assume the resistance of the shunt coil to be 
375 ohms and that of the series coil to be .055 ohm. At a 
rated output of 4,400 watts, the current flowing through 
Inthe series coil and into the externa! circuit is ^^V — '^^ ^'"^ 
Lperes (assuming the connections are made for a short shunt). 

£,^220 
r. ~ 375 

"= .8 ampere, and the loss of power in the shunt coil is IV, 
= E^y. C.= 220 X .8 = 1?6 watts; even when the external 
circuit is open the loss in the shunt coil remains constant, or 
176 watts in this particular case. The loss in the series coil, 
I however, varies directly with the square of the current pass- 
■ jng through it. In this example, the loss in the series coil 
Lis W= C X r= 20' X .05.5= 22 watts; at half load, or 
[10 amperes, the loss is iV= 10' x .055 = 6.5 watts, etc. ; at 
i there is no current in the series coil, and, conse- 
[ quently, no loss. The total field loss in a compound dynamo 
i is the sum of the losses in the series and shunt coils. For 



it all loads the current in the shunt coil is C, = 
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ull loadu I 

17G watts. 1 



X, in this example, the total Beld toss at full 
IWvatts; at half load, 181.5 watts, and at no load, 

60l The amitont of power lost or dissipated in the field 
coils of a dynamo depends (1) upon the capacity of the 
dynamo, (i) upon rts design, and (3) upon the amount of 
copper Qsed in the cmis. In the last condition it is obvious 
that in order ui produce a certain number of ampirr-turm. 
the current in amperes required could be made excccdinglj- 
small by using a large number of turns of cop[>er wirt, 
thereby reducing the electrical loss. A limit is reached, 
however, where it U not economical from a commercial 
Standpoint to incresse the amount of copper in order to save 
in electrieal I»>ss. 

The per cent loss in the field coils of dynamos varies 
fr\«n about I<K erf the input to dynamos having an output 
of about 1.000 watts to as low as 1.5< to a< of the input in 
dynamic having an output of 100,000 watts and upwards. 
For example, suppose that the input to a dynamo from an 
cosine was 100 horsepower and the loss in the field coils 
was S.&f. Under these conditions, how many watts are 
lost or dissipated in the field coils ? Changing the input 
from honk.'power to watts gives 100 X 746 = 74,600 watts, 
since 1 horsepower is equivalent to 746 watts. Hence, the 
number of watts lost in the field coils is 74,600 X .025 
= l.i:iil5 watts. 

70. Artiintim> Tosses. — The principal armature loss is 
that pro<Iufcd by the current in flowing against the internal 
resistance of the armature, that is, the resistance of the 
armature cont/uctors. The core losses previously described 
cimld al.so be classed as part of the armature losses, but it is 
usual to consider them apart. The armature loss proper is 
usually termed the copiK^r, or ^vlri'. loss, since It is due to 
the resistance of the armature conductors, which are com- 
posed of copper wire or bars. The internal resistance of an 
iiriiiatiire is an exceedingly variable quantity, depending 
upon the fiirin, construction, sizi-, number of conductors, 
si-it of conductors, etc. In constant-potential dynamos. 
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generally speaking, the internal resistance of the armature 
must necessarily be comparatively small, since it determines 
the maximum strength of current that can be obtained from 
the dynamo, as will be seen subsequently. 

The armature loss depends upon the amount of internal 
resistance and upon the strength of current flowing through 
the armature conductors. In a given armature the internal 
resistance remains constant at equal temperatures, while the 
strength of current varies with the load upon the dynamo at 
that particular moment; in other words, this loss only 
occurs when there is a current flowing through the arma- 
ture — the stronger the current, the greater is the loss, and 
vice versa. As previously shown, in all cases where an electric 
current flows against the resistance of a conductor, the loss 
of power in watts is equal to the resistance of the conductor 
in ohms multiplied by the square of the current in amperes; 
hence, in an armature the number of watts lost in the arma- 
ture conductors is equal to the square of the current in 
amperes flowing through the armature multiplied by the 
internal resistance in ohms of the armature from the positive 
to the negative brush. If C represents the total current in 
amperes flowing through the armature and r, the internal 
resistance in ohms from the positive to the negative brush, 
then Wi = C^ r„ where W^ is the number of watts lost in the 
armature conductors. From this fact, this armature loss is 
also designated as the C r loss. For example, suppose that 
the internal resistance of an armature from brush to brush is 
.125 ohm, and a total current of 40 amperes is flowing 
through the armature. Determine the number of watts lost 
in the armature. Let C=40 amperes and r^— .Vl^y ohm; 
then, \\\ = C V, = 40' X . 125 = 200 watts. 

The per cent, loss in armatures of constant-[)()tential 
dynamos varies from about 12;^ of the input to dynamos 
having a rated capacity of about 1,000 watts to as low as 
1.5^ to 2j^ of the input to dynamos having a rated capacity 
of about 100,000 watts and upwards. For example, suppose 
that a dynamo was working under a load whic^h required 
50 horsepower to run it, and, at this rating, the armature 
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Input = the power driving the dynamo, which is derived 
from some outside agency. 

Output = input minus the total losses. 

Total losses = the sum of the friction, core, field, arma- 
ture, and other losses. 

„ ^ . input minus total losses ^^,, 

Per cent, effleiency = — ; X 100, 

mput 

output ^^^ 
or -.— ^ X 100. 
input 

« ^ , . ^ . ^. friction losses 

Per cent, loss In friction = — : — -. x 100. 

mput 

core losses 

Per cent, loss In core = — -. X 100. 

input 

field losses 

Per cent, loss In field = — -. — x 100. 

mput 

« , . ^ armature losses ,^^ 

Per cent, loss In armature = -. X 100. 

mput 



THE OUTPUT OF CONSTAIST-POTENTIAI. 

BYN^AMOS. 

73. If a dynamo is so constructed as to give a constant 
potential at any load, it is evident that the current flowing 
is inversely prof>ortional to the resistance of the external 
circuit; that is, if the external resistance is reduced, the 
amount of current will be correspondingly increased. There 
is a limit, however, to the amount of current that any given 
machine can give out, depending on one (or both) of two 
factors; namely, the beating and the sparking. 

The heat that is being continually generated in the arma- 
ture and field coils of a dynamo when working under load, 
due both to the C r /oss and the core /oss, is given off from 
the surface of the armature and of the whole machine to the 
surrounding air. This giving off of heat can only occur 
when the dynamo is hotter than the air, for if two bodies 
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are equally hot, one cannot give any heat to the other, 
Conversely, the greater the difference in temperature 
between two bodies, such as a dynamo armature and the 
surrounding air, the more heat will be given from the hot 
body to the cool. 

74. When a dynamo is first started, it is at about the 
same temperature as the air, so that when the conductore in 
the armature begin to generate heat, this heat cannot pass 
off to the air, but instead it raises the temperature of the 
armature, until it is enough hotter than the su'rroundJDg 
air to cause all the heat which is being generated to k 
given off. 

If the amount i>f heat generated is practically constant, 
as will be the case if the load remains constant, the temper- 
ature of the armature will also remain constant, because the 
heat is given off as fast as generated; and if the load is 
increased so as to increase the amount of heat generated, 
the temperature will again rise until the armature is enough 
hotter than the air to give off all this increased amount of 
heat. 

It is evident, then, that when other conditions remain the 
same, the greater the load on a dynamo armature, that is, 
the more current it gives, the hotter it will get. 

Now, at a certain temperature, the materials used in 
insulating the conductors of the armature, such as cotton. 
silk, shellac, paper, etc., will become carbonised, that is, 
charred, or otherwise rendered useless as insulating mate- 
rial. For a short time these materials will withstand a 
temperature considerably above the boiling point of water 
{^12° F.), but it has been found that if they are continually 
subjected to a temperature greater than about 180° P., they 
will gradually become carbonized; hence, as armatures are 
expected to last several years, they should never be sub- 
jected to a continual temperature greater than about 170° F. 
Consequently, the amount of current which will cause a 
dynamo armature to heat to about 170° F. is the limiting 
amount which that armature can sa/c/y give. 



75. As an armature must be a certain number of degrees 
hotter than the air in order to give off the heat generated, 
it is evident that if the air itself were originally of a high 
temperature, the armature would actually have a higher 
temperature when giving off a certain amount of heat than 
if the air were cooler; that is, for a certain amount of heat 
generated, the temperature of the armature will rise to a cer- 
tain number oi degrees adt>vc t/ie tetnperafure o/ t//e air. The 
average temperature of the air in places where dynamos are 
installed is often as high as 90° F.. so the allowable rise in 
temperature of the armature above that of the air is about 
170 — no — 80" F., and dynamos are usually rated according 
to this rise in temperature. 

As sti/i air is a very poor conductor of heat, most of the 
heat given off to it is carried away by the motion of the air; 
this motion is partly due to the air-currents set up by the rise 
of the heated air and the flowing in of the cooler air to lake 
its place, but mainly to the air-currents set up by the motion 
of the armature itself. This latter effect is usually greater 
in ring than drum armatures, due to the more open construc- 
tion of the former and to the /an action of the spicier arms. 

The heat generated in the field coils is disposed of in the 
same way as that of the armature; that is, it is given off 
to the surrounding air. The rise in temperature of the field 
coils is subject to the same limitations as the rise of the 
armature; i. e., it is usually limited to about 80' F. above 
the temperature of the air. 

76. By the sparking of a dynamo is meant the sparks 
which appear at the brushes, due to the reversal of the cur- 
rent in the armature coi/s. If the commutator is out of 
true or has one segment higher or lower than the others, 
or from other similar causes, there will be flashes or sparks 
at ihebrushes; but these are merely w/cf/frtWiVu/ faults which 
can be easily remedied, and this is not what is meant by 
sparking. Referring to Fig. 28, it will be seen that in the 
armature coil a'pp', when in the position shown, the general 
direction of the current is fro:n right to left; bu 
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it moves into the position occupied by coil b' aa\ the general 
direction of the current is from left to right. Between these 
two positions the direction of the current must have been 
reversed, and this occurs during the time that the brush -\-B 
is resting on both the commutator segments which are con- 
nected to this coil (a' />/>'). 

Now, it has been shown that if the amount of current in a 
coil is suddenly increased or decreased, the self-induction of 
the coil tends to set up an E. M. F. in the coil which opposes 
the change in the strength of the current. Hence, when 
the current is reversed in the armature coil as it passes from 
one side of the brush to the other, the self-induction of the 
coil tends to prevent this reversal, so that when one of the 
commutator bars to which the coil is connected passes out 
from under the brush, the current flowing from the side of 
the armature into which the coil is entering (the left side in 
Fig. 2fl) in trying to pass through this coil is opposed by the 
E. M, F. of self-induction of the coil. Instead of passing 
through the coil, then, the current jumps from the commu- 
tator bar through the air to the end of the brush, making a 
spark. The same action lakes place at each point of com- 
mutation. 

In order to prevent this sparking, which burns the com- 
mutator bars and the brushes, the brushes are shifted for- 
wards ahead of the actual neutral point, until at the same 
instant that the current in a coil is reversed the coil is mov- 
ing in the edge of the magnetic field that spreads out from 
the pole pieces, which generates in the coil an E. M. F, that 
is opposite in direction to the E. M. F. of self-induction. 
The consequence of this is that the E. M. F. of self-induction 
is diminished, which decreases the sparking. If the brushes 
are shifted to just the right piisition, the E. M. P. generated 
in the coil by the magnetic field will just equal the E, M. F. 
of self-induction, and there will be no opposition to the 
reversal of the current, hence no sparking. This is seldom 
actually done, as the E. M. P. of self-induction changes with 
every change in the strength of the current: but the effect 
of a certain amount of shifting of the brushes will usually 




so nearly counterbalance the E. M. F. of self-induction that 
tite sparking will be slight at different loads. 

77. It has been shown that the current in the armature 
winding reacts upon the magnetic field, forcing the actual 
neutral point ahead (In the direction of rotation). Now, if the 
brushes are moved ahead of this neutral point to avoid spark* 
ing, the effect is to move the consequent poles (due to the 
current circulating in the armature winding) also ahead, 
which shifts the neutral point still farther ahead, which 
requires a further slight shifting of the brushes. As long as 
the field due to the magnetizing coils is much stronger than 
the reactive effect of the armature, this action is slight, so 
that only a slight shifting of the brushes is necessary for 
practically sparkless operation. As the current in the arma- 
ture increases, its reactive effect grows stronger, and a 
movement of the brushes is followed by a considerable move- 
ment of the neutral plane. Indeed, if the current in the 
armature is strong enough, the brushes may be shifted more 
than half way around the commutator without coming to the 
sparkless position. There is, therefore, a limit to the 
amount of current which can be taken from an armature 
(aside from its heating limit), which is reached when any 
further amount of shifting of the brushes will not afford 
sparkless commutation. 

This amount of shifting is generally confined to the space 
between the tips of the pole pieces; that is, the brushes may 
be shifted until the coil short-circuited by a brush is at or 
just under the tip of a pole piece. 

In dynamos of good design, the heating limit and sparking 
limit are reached with about the same current; that is, a 
current which will raise the temperature of the armature 
above that of the air by the amount decided upon as a limit 
will also necessitate the brushes being shifted to the maxi- 
mum allowable extent. In some modern railway generators, 
the output is limited more by the heating than by the 
sparking. Such machines may stand a 50 per cent, overload 
without excessive sparking. Moreover, by careful designing 
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and the use of carbon brushes, sparkless commutation can be 
obtained without shifting the brushes forwards as the load 
comes on. In fact, where the load fluctuates rapidly, it 
would be practically impossible to shift the brushes and for 
such work a fixed point of commutation is almost essential. 

78. It is evident that while a brush is resting on two 
commutator bars at the same time, the coil connected 
between these two bars is short-circuited, the current from 
the two sides of the armature passing into the brush, one- 
half through each of the two commutator bars, without pass- 
ing through the short-circuited coil. The resistance which 
the current meets in passing from the bars into the brush 
is evidently the contact resistance of the surfaces which are 
in contact. When the brush rests equally on both commu- 
tator bars, the contact resistance opposed to each half of the 
current is the same; but as one of the bars moves out from 
under the brush and the other moves farther under it, the 
contact resistance is altered, and there is more opposition to 
the passage of one-half the current into the brush than there 
is to the other. Now, with metallic brushes, which have a 
very low contact resistance if properly made, this difference 
is not enough to give any appreciable opposition to the cur- 
rent until the commutator bar is actually leaving the brush; 
hence, the current is suddenly forced to pass through the 
coil which has just been short-circuited. With carbon brushes 
the contact resistance is much greater than with metallic 
brushes; when the two bars are equally under the brush, 
this contact resistance is opposed equally to the current 
from each half of the armature, but as the one commutator 
bar begins to move from this position, the resistance oppo- 
sing the current which is passing from that bar into the 
brush is great enough to force a part of the current around 
through the short-circuited coil and into the brush through 
the other commutator bar, in spite of the E. M. F. of self- 
induction of the coil. 

From this it follows that, with metallic brushes, much more 
care must be taken than with carbon brushes, to place the 
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short-circuited coil in a field which will generate an E. M. F. 
equal to the E. M. F. of self-induct lun, since the absence of 
sparking depends mainly on this point. With carbon brushes 
the absence of sparking depends both on generating an 
E. M. F. in the coil and on the contact resistance of the brush. 
On account of the increased resistance of contact, carbon 
brushes require less shifting for variations in load than do 
metallic brushes, and are generally used on machines where 
the variations in load are so frequent and extensive that a 
great deal of time would be spent in shifting the brushes, if 
this had to be done for every change in the load. 

19. If the brushes are shifted so far forwards that the 

E. M. F. generated in the short-circuited coil is greater than 

the E. M. F. of self-induction, not only will the latter be 

neutralized, but a current will be- sent around the coil 

Lthrough the commutator bars and the brush which short- 

ftcircuits the coil. If this current is greater than the current 

■■Trhich one-half of the armature is supplying to the external 

Pcircuit, it is evident that when the short-circuited coil moves 

i'^yver and becomes a part of that half of the armature, its 

Veurrent will l)e reduced : this reduction is opposed by thu 

ielf-induction of the coil, as before, and sparking results. 

ince the circuit of the short-circuited coil is partly through 

; brush and its contact with the commutator bars, it is 

fevident that with metallic brushes of low resistance the lia- 

jbility of the current in this coil becoming excessive is greater 

Ithan with carbon brushes of (comparatively) high resistance. 

r the reason, therefore, that they are of higher resistance, 

larbon brushes will spark less than metallic brushes under 

e same conditions. 



DIRECT-CITRRENT MOTORS. 

80. It has already been explained that a conductor carry- 
ing current at right angles to a magnetic field will move 
the field. This is, in brief, the principle on which an 
piectric motor operates. If we take an ordinary direct- 
rurrent dynamo and, instead of driving it from some outside 
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source of power and making it generate an E. M. F. , we 
supply it with current from some outside source, say another 
dynamo, the machine will run as a motor and deliver power 
at its pulley. A direct-current motor, then, is the same as a 
dynamo, so far as its construction goes. The difference 
between a dynamo and a motor has more to do with the way 
in which the machines are used than with any radical differ- 
ence in their construction. At one time it was thought 
that motors should be constructed different from dynamos, but 
it is now known that the machine that makes a good dynamo 
will nearly always make a good motor. Of course, motors 
often differ considerably from dynamos in their mechanical 
details, because motors must often be adapted to special 
work for which the ordinary mechanical construction of a 
dynamo would be unsuitable. For example, railway motors 
must stand all sorts of abuse, and hence must be enclosed as 
much as possible. As regards their electrical features, 
however, direct-current dynamos and motors are the same; 
when a machine is used as a dynamo, it is supplied with 
power and it converts this power into electrical energy; 
when it is used as a motor, it is supplied with power in the 
shape of an electric current, the reaction between the 
current in the armature conductors and the magnetic field 
set up by the field magnets forces the armature to revolve, 
and the machine, therefore, converts the electrical energy 
supplied at the brushes into mechanical energy delivered at 
the pulley. 



CLASSES OF MOTORS. 
81. Motors, like dynamos, may be divided into several 
classes according to the method used for exciting their field 
magnets. We may then class ihem as series-zvoHttd^ shunt- 
wound, cowpound-ivounii. The last class may be subdivided 
intodi^erc/ilia//j' wound and tiinimu/a/ivffy wound, according 
as the series field coils are connected so as to oppose or aid the 
shunt coils. Nearly all motors in common use are operated 
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'onstant potential, and we will confine nur remarks here 
J motors that are so operated. 

82. Sliant-WountI Motors. — Shunl-wuiind motors are 
very extensively used for stationary work for operating all 
classes of machinery where a fairly constant speed is 
re-quired. A constant-potential shunt-wound motor is the 
same as regards construction as the corresponding shunt- 
wound dynaipo. When supplied with a constant pressure, 
it will run at nearly constant speed, no matter what may be 
the load, up to the limit of the machine. The speed drops 
off slightly with an increase of load, but the falling off is 
slight if the motor is well designed. A shum-wound motor 
will give a good starting effort if the field is fully excited 
before the current is allowed to pass through the armature. 
For stationary work, the shunt-wound motor is the one most 
largely used. 






83. Series- Wound Motoi*. — These motors are used most 
.rgely for work when a wide variation in speed is desired, 
■here the motor is to be started and stopped frequently, and 
'here a strong starting effort is needed. For these reasons 
they are used on street railways and for traction work 
generally, for hoists, electric cranes, and in some cases for 
pumps and similar machinery. Thousands of series-wound, 
direct -current motors are in use for operating street cars alone. 
Since the field is in series with the armature, the strength of 
the field depends on the current flowing through the motor. 
If at starting a large current is allowed to flow, the field is 
made very strong, and as the current in the armature is also 
very large, a powerful starting effort is the result. This is a 
yaluable feature if the motor is to be used for traction or 
liloisting work. The speed of a constant-potential series 
motor varies widely if the load on it is varied, because 
every change in load produces a corresponding change in 
the field strength. If the load is thrown off entirely, the 
motor will race, and may reach a speed high enough to 
ifnjure itself. 
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84. Compound'Wuund Motors, — These motors are na 
largely used, comparet) with the other two classes. Thev 
are used mostly for special purposes, such as operating 
printing presses, looms, etc. When a speed that is very 
nearly constant under all loads is required, the differeDtiallv 
wound motor is used. When a motor is required that will 
have a fairly gt>od starling effort combined with the property 
iif approximately constant speed, the accumulatively wound 
motor is employed. In this motor the series coils aid the 
shunt coils, and when starting, the heavy current through 
the series coils strengthens the field, and thus gives a strong 
starting effort, or torque, as it is called. 




1. Location.— The location of a large dynamo or motor 
is a matter generally determined by local surroundings; 
that is, the position of the dynamo depends on where its 
engine may be, and the disposition of the motor depends on 
what it is to drive and where it is located. Assuming, how- 
ever, that the conditions are such that the selection of a site 
for the dynamo or motor is not hampered by other consid- 
erations than that the machine shall be put in a place best 
adapted to itself, the following points should be kept in 
mind: It should be kept in a clean, dry, cool place, out 
of reach of drippings from steam and water pipes, and pro- 
tected from dropping of water due to the condensation that 
sometimes takes place on an iron roof. The machine should 
preferably be placed where there can be a draft of air across 
it from windows or doors on opposite sides, and in such cases, 

f it is located on the ground floor, there should be ample 
ineans for sprinkling the street in the vicinity to keep down 
^e clouds of dust that are otherwise sure to be present in 
I? weather. This precaution will permit a free circulation 

t air when it is most needed — in the hot summer months. 

k The space surrounding the machine should be clean and 

e £rom all obstructions. Where the machine is controlled 
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from a switchboard, a man should be able to go from one to 
the other without going through a belt or past a number of 
obstructions. Dust from the street is injurious to the 
commutator, bearings, and general insulation of electrical 
machines, but dust from a coal pile or any kind of grinding 
or turning machine is even more so; therefore, the engine 
and dynamo rooms should be protected from the dust inci- 
dental to coal handling, and no emery wheels, grinders, 
speed lathes, etc, should be allowed in the room. Where 
motors are installed in rolling mills, forge rooms, carbon 
works, or places where a great deal of power grinding or 
finishing is done, the motor should be of an enclosed type, 
its bearings should be protected, just as those of a grinder 
are, and the machine should be properly caged. 

3. Foundations. — Every machine of 3S horsepower, or 
more, should be provided with a substantial foundation, 
and this foundation should, if possible, be independent of 
the floor and walls of the building in which it is installed, to 
avoid communicating to them the very disagreeable vibra- 
tion incidental to the running of the machinery. Where 
there are several machines to be installed, the idea is best 
carried out by having the whole floor space subconcreted and 
capped with a layer of cement or a wood floor. Where a 
single machine is to be installed, it is sufficient to limit the 
foundation to a little more than its floor area. In any case, 
solid brickwork is the best foundation, but where its use is 
impracticable, a substantial wooden frame construction can 
be used. Even where the concrete or brick foundation is ' 
used, it is customary to cap this with a hardwood frame, 
served with a high-grade insulating compound of some sort; 
the layer of wood serves not only to insulate the metal 
frame of the machine from the ground, but it acts as a 
cushion to take up the blows and vibration. The insulation 
feature must not be defeated by having the bolts that 
secure the wood frame to the masonry come in contact with 
those that secure the metal frame of the machine to the 
wood. 
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\o rule in regard to the depth of the foundation can be 
given to cover all cases, as the subsoil is so different in dif- 
ferent places. In one section, bed rock will be found a few 
feet from the surface, while in another section of the cuun- 
try it will be necessary to drive piles to support the founda- 
tions for the heavier machines. Fi^. 1 shows a style of 
foundation very much used; the foundation proper is made 
of brick laid with 1 part of the best cement to i parts of 
good, sharp sand. The surplus of excavation is filled in 
with a mixture of broken stone and cement, which is capped 
to a surface with pure cement. The masonry is built 
around the anchor bolts. 
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Wherever the machine is to be belt-driven, means shoulil 
be provided for tightening or slacking the bt-lt. On nv.^t 
machines this is usually accomplished by scri-ws --r hv 
mounting the machine on rails or on a subbase ami m'<vin^ 
the machine by means of a ratchet lever and strew. .\s ;in 
example of this we may take the machine shnwn in Fi>;. ■>. 
The foundation should in every case be s.i disjcsod ih:it th.: 
distance between the driving and driven cL-nttrs will allnw 
one side of the belt to run looser than thi; utht-r. This dis- 
tance should be at least four times the diam(.-ter i.f tht- larjj'-r 
pulley. 

3. Erection. — Small machines are, as a rult, shijijicd 
complete and ready to run, so that there is nmhinK t'> do 
but to put them in place, put the pulley 'in, and line them 
up. Large machines cannot be shipped with safety in an 
assembled condition, and some are so large that thoy cnuld 
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not be gotten throagh the door of a closed car; so they 
dismounted and tbe parts marked and packed in separate 
parcels. It then falls upon the roadman or the purchastr 
to assemble them at tbeir destination. This work should 
not be undertaken by one not familiar with such work, and 
even an expert should not be above consulting the blue- 
prints and the marks on the parts. 




No man should try to assemble the parts of a heavy 
machine without being provided with the rigging devices 
adapted to the work. Large stations provided with large 
units are generally equipped with cranes to replace arma- 
tures or fields that may become burned out. Small stations 
are not so well fixed, so the installer must usually look them 
up for himself. As the cunstruction of machines varies to 
some extent, so must the method of handling the parts. In 



order to be specific, the machine shown in Fig. 3 will be 
'laken as the one lo be assembled. This is a six-pule bdt- 
idriven street-railway generator of the Weslinghouse type. 
The bedplate A and the lower half of the machine B are 
■worked on to the foundation by means of crowbars and rollers; 
as the wooden sub-frame projects above the level of the 
floor, a false wood floor must sometimes be laid. The bed- 
plate is then worked into such a position that the holes 6, b 
in the four corners of the foot flange fall just over the bolts 
bolt holes that they are intended to engage. The block- 
ing is then taken out and the machine let down upon the 
foundation or frame, as the case may be. 

4. The next step is to place in position and connect 
together the bottom field coils c, c ; the field coils may be put 
in the top half of the frame at the same time, so that this 
part can be swung into position as soon as the armature is in 
place. Great care must be taken that the coils arc slipped 
over the pole pieces with proper regard for the marked 
ends, or trouble will surely result. Field coils that do not 
igh more than 300 pounds may be safely lifted into place,* 
but great care must be taken not to bruise the insulation or 
bend or break the terminals. For handling heavier coils 
than this, and also for handling the armature and top half 
of the frame, tackle must be rigged immediately above the 
foundation. In rigging this tackle, the total height that 
the top half of the frame must be lifted to get it in place 
after the armature is in position must be considered. If a 
chain hoist must be used, do not attempt to lift a i, 000-pound 
armature or top field half with a 2,000-pound hoist — use 
a 4,000-pound hoist, or even two 2,000-pound hoists. To 
support the hoist, a rope is slung in several turns from a 
roof girder or from a crosspiece laid between two girders. 
Old cloth or carpet is interposed between the rope and the 
girder so that the former may run no chance of being cut. 
The hoist is hung at such a height as will enable its full 
^lioisting range t" be utilized. If in spite of all that can be 
-done, the hoist does not have sufficient range for the highest 



the highest ^^ 
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lift, the lift will have to be divided into two stages. These 
two stages must be such that the end of the first lift leaves 
the part to be lifted as near to the floor as possible. The 
part is then securely blocked, the point of support of the 
hoist raised, and the lift completed. To put the armature 
in place, it is moved as close as possible to the machine, so 
that its tendency to swing in, due to its being out of the 
vertical line of the hoist, will be a minimum. This tendency 
must be further offset by means of a strain put on by a 
block and tackle or hand line applied at the side. The 
bearing parts of the armature shaft should be encased in 
cloth before lifting, to avoid nicks and dents. The pillow- 
blocks should be inspected to see that they contain no iron 
filings or other dirt, and should then be filled with a good 
quality of oil. 

5. Under no circumstances should any of the weight of 
the armature be supported by any device in contact with 
the commutator; the point of support should always be the 
shaft. For handling small armatures whose pillow-blocks 
are removable, a couple of ordinary handle bars, such as 




those shown in Fig. 3, should be used, and for the heavier 
ones a rope sling i" and spread bar B such as are shown in 
Fig. 4; note that the rope is crossed on itself when it passes 
through the hook. When handling a heavy armature, its 
commutator should be protected by a blanket or other pad- 
ding to save it from knocks that may dent a bar or damage 
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I band; the armature should nut he rolleil over the floor 

■elessly, as a nail head or a piece of hard matter of any 

ind in its path is liable to nick a band wire, so that as soon 

I the machine is up to speed and heated, causing some 

bpansion, the band wire will break. As soon as the anna- 

(nre is swung over its final position, the shaft is wiped off 

1 clean waste and served with a thin film of good cylin- 

ler oil. The bearings are then slipped on; in doing this, 

>il rings must be lifted by running a clean round rod or 

Itick in the end, otherwise the end of the shaft may jam 




'One of the rings and bend or break it. Where spiral bear- 
ings are used, care must be taken to put them on the shajt 
as the marks call for, otherwise the oil will he fed out 
instead of in, and the box will run hot. All these points 
being looked after, the armature is dropped into place and 
given a few turns by hand to see that the oil rings work and 
that there is enough end play to prevent binding. Using 
the pulley end of the shaft as a straightedge, the machine 
is now leveled by means of a spirit level, split sheet-iron 

-washers being put under the bedplate around the anchor 
(olts if one end must be raised. 

6, If the foundation and frame have been well made, 

Ittle or no lining will be called for. With the armature in 

nace, the top half of the frame, whose field coils have been 

reviously connected, is lifted on. The joint between the 

p and bottom halves should be well cleaned before setting 
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T; it OUT be necessary to wipe off some wbitt 

^ p«t tliCTe to prevvot rust, or to surface doirn a dem 

kloa &IHB£ KkA. Where the machine has detachabl< 

^ tbcsame care should be exercised in regard tothi 

etv«en tbem and their seats on the frame, Whei 

Fttctaplialf t> m ptacr. the pulley is put on, the macfain 

A ap to the engine that is to drive it or to the pulle 

t it IS to dhrc, and the yoke, brush holders, and othe 

s {Kt uo. The driving belt should have a cementec 

I ' BdC • lAcnl. jcwit. It most be borne in mind that in orde 

to nuke a gnod job of lining tip the motor or dynamo, it i 

neorssauT that the derice to which it is to be belted ha 

been installed with the same care as the dynamo itself. 

7. ^carilns t'p. — If the machine is a dynamo, it is. •: 
e mtrs e. started np by means of its engine; if a motor, cm 
rent frucn the line must be used. In either case, be sur 
that there are no tools or other parts lying on the belt o 
«n the dynamo where they can shake off on to the arms 
lure Of be socked up by the fields. The machine should b 
Tun at aboDt half speed for an hour or more to give ba 
iK-arinvis a chance tn sViw their presence and 1o strc iha 
tr.t' o:; nr.j;-: o.> not jitick. If all the parts of the machin 
siT'm ;o ":>e i;i jiv^i working order, the speed can be run u 
to Us !-..>rm.iI rate, aiui the machine given a chance to pic 
u;> its fuM. I'lii no load should be put on for several hour; 
Where tiu- jv.»r;s oi a machine have been exposed and ar 
damp. :iie insulation will be low, and arrangements shoul' 
K' nuiiie to bake ihi- windings with current at low voltage 
s-> th.it tiurc may be no risk of a burn-out at the start; bii 
in icstinj; the iiisuhition of a machine that is running on 
j; rounded lironit, such as a street-railway circuit, unless th 
porniaueiit jirouiul is removed, the insulation will, of course 
show a dead ground. 

8, The maehine should be turned over very slowly at firsi 
so that incase it is not lined up e.\actly right the belt will no 

run otT before the necessary change can be made; shoul 
the belt try to come off, it can, as a rule, be held on with 
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bar until the machine can be stopped; even if the belt does 
corae otf on the outside of the pulley, no special harm is 
done ; but if it comes off inside of the pulley, it is liable to 
have one of its edges curled and stretched and it will give con- 
stant trouble afterwards. On this account, it is a good plan, 
if there is any doubt as to whether the pulleys are in line, to 
cant the machine pulley a little in favor of the outer edge. 

9. In order for a dynamo to pick up its field, it is neces- 
sary that the fields have a little residual magnetism left over 
from the last charge. Electric machines, except some of 
the largest sizes, are always tested" under load before they 
leave the factory, and, as a rule, retain enough of the mag- 
netism to " pick up" on whenthey are installed. But some- 
times on the way from the factory to their destination this 
magnetism is not only vibrated out of them, but in some 
the vibration has been known to reverse the polarity of 
the dynamos. Even machines in service a long lime lose or 
■erse their residual magnetism for no apparent reason. 
In such cases, the fields must be recharged. In the case of 
an isolated machine, this recharging must be done from a 
battery, unless there is some other machine in the neighbor- 
hood that can be temporarily tapped to the outside line; 
'here there is more than one machine, the field of the dead 
le can be charged from the live one; in such a case, the 
field leads must be either disconnected or the brushes lifted 
off the commutator of the dead one. to avoid running it as 
a motor. Of course, in the case of a motor, the field current 
is supplied from the line, so that with motors there is no 
trouble on account of the fields losing their magnetism. 
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* lO, General Care of the SlacUlner.v. — The dynamo 
or motor and all devices connected with its operation or 
regulation should be kept perfectly clean. No copper or 
carbon dust should be allowed to accumulate to cause break- 

F downs in insulation. The oil gauges and grooves shftulii be 
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kept in working order and the oil in the wells should be 
renewed at regular intervals. The brushes should be kept 
clean. They should be set and trimmed to fit the com- 
mutator, and copper brushes should be taken out once in a 
while, whenever they become clogged, and dipped in gasoline 
to cleanse them. When a machine is shut down, copper 
brushes should always be lifted just before the dynamo comes 
to a stop and they should not be let down until the machine, 
if a dynamo, is under headway again. New carbon brushes 
should he sandpapered to lit the commutator, by sliding a 
piece of sandpaper back- and forth between them and the 
commutator. Do not use emery paper for cleaning the 
commutator, as emery is more or less of a conductor and 
may cause short-circuiting between the bars; also small 
pieces of emery become lodged in the brushes and scratch 
the commutator. The connections and all setscrews and 
bolts should be inspected regularly to see that none are 
liable to become loose and fall out. All screws that secure 
shunt-field or rheostat wires should be fixed by a drop of 
solder. 

Oil should be used very sparingly, if at all, on the com- 
mutator; to lubricate it, put a film of vaseline on a canvas 
cloth, fold the cloth once, and let the commutator get only 
what goes through the pores. Never allow a loose article of 
any kind to lie on any part of a machine. Oil cans should 
be made of brass so that they will not be attracted by the 
pole pieces. Do not allow a belt to run tight enough to 
cause a hot box, nor let it run so loose as to squeak and 
threaten to come off. When closing a switch, do not tapit 
in to see if everything is all right, but once the mind is 
made up that everything is as it should be, close the switch 
firmly. The operator's eyes and hands are of more impor- 
tance and value than anything else in the station. If there 
is any doubt about whether a switch should be closed or not, 
do not close it until all doubt is removed. All switches 
should he left open when the machine is not in action. 
Circuit-breakers should be tried at frequent intervals to see 
that they are not stuck or set for the wrong load. 
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11. On direct-current machines, the brushes and com- 
nutator require, perhaps, more attention than all the other 
(arts of the machine put together. Brushes should in the 
arst place be of sufficient size to carry the full-load current 
of the machine without heating. Brushes are of two kinds: 
wadial and tangt-niiaU ratllnl brushes point straight at the 
«enter of the circle inat represents the outline of the com- 
mutator; their direction is parallel to the radius, as shown 
in Fig, 5 («)- Tanieentlal brushes. Fig. n {b), are generally 
made of copper and s 
found, as a rule, on lighting 
machines. Radial brushes 
are made of carbon and are 
mostly found on power ma- 
chines, though they are now 
largely used on lighting ma- 
chines as well. Carbon 
brushes are used on machines ■ 
whose output is at a com- 
paratively high voltage, and, 
hence, low current; copper 
brushes, on machines of high ^"'- '■ 

current and low voltage. Also, carbon radial brushes are 
used on machines that must admit of being reversed in 
rotation. Carbon brushes are generally found on machines 
subjected to sudden and violent variations of load, while 
copper brushes are better adapted to conditions of slowly 
varying or constant load. Carbon brushes are usually 
copper plated to within i inch or \ inch of their bearing 
ends, in order to give them better contact with the brush 
holders. Also, carbon brushes often contain a lubricant in 
the form of the paraffin with which the carbon dust is treated 
in the course of its manufacture, so that these brushes being 
self-lubricating, no compound or grease is needed on the 
commutator itself. With carbon brushes, the commutator 
takes on a dark-chocolate polish and the brushes emit a 
squeaking noise at starting or stopping, A 
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13, CarboD brushes are made in several grades of hart- I 
Dess, adapted In different cuaditioru* iif working and differnil J 
kinds nf ciimmutatoi'S. In stationary, direct-current work,! 
soft carbon is used; on street-car work, hard carbnul 
Carbon haii the great advantage that, being of relatiretfl 
high resistance, it limits the valtM of the current generaiel'l 
in the coils that are short-circuited as they pass under thel 
brushes and thereby reduces the sparking. By reason of ■ 
this fact, carbon brushes admit of a wide variation in the 
load and hence in their non-sparking positions, without 
giving any trtmble. This is why carbon brushes are used on 
high-voltagc dynamim where there are sudden and riolent 
changes that cannot be met by shifting the brushes. With 
copper brushes it is different ; copper is of such low resist- 
ance that the short -circaited coil passing under a brush 
generates sufBcient v^tage to force a large current that 
causes sparking through the local circuit comprising the 
coil, two coramutalor bars, and the brush. This condition 
occurs if a variation in the load leaves the brushes out of the 
non-sparking points, so that copper brushes must, as a rule, 
be shifted to meet any variation'; in the load. Many kinds 
iif (•'>j)pijr brushes have been devised to meet this objection; 
in eviTy r;ise the object has been to increase the resistance 
in ilic path of the short-circuited coil without increasing the 
rcsLsianiL' tu be traversed by the main current of the 
niaf liinc. To this end, brushes have been made of alternate 
hivcrs of copper and of carbon, or have been made of copper 

III Vi)^. i>, -J is the ring armature of a dynamo sending a cur- 
rent thnui(f|i lamps L by way of brushes <?+, a— ; coils f, c 
arc ]iassing under the brushes and are, therefore, being 
sli'irt-cii-ciiitt-d l)y thi^in through the local loops, 1-3-S-i- 
.'> I! -7. It is not hard to see that if the center of the brush 
llircnighmil its width he made of an insulating material, as 
iiidicalcd by the diitled lines, the local current due to the 
■-hiin-iiicuited coil cannot get from the heel of the brush 
\k- ihc iiic, or -i'icf -ivrsa, without first flowing up and 
il.'M 11 I 111' full Ictiglh of the brush, so that the short-circuited 
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13 



coil cannot generate so large a current, although the flow of 
the current in the main circuit of armature and lamps is 
not interrupted. On account of its decreasing the capacity 
of the brush, and for other reasons, it is not desirable to 
break the short local circuit, but a compromise is made by 
constructing the brush of alternate layers of copper and 
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Fig. 6. 

carbon or some metal whose specific resistance is hi^h cnouj:^h 
to reduce the current in the short-circuited coil, but not hi\di 
enough to offer any serious impediment to the flow of the 
main current. Copper brushes are never made solid; they 
are made flexible, in one way or another, so that thev may 
more readily conform to the surface of the commutator and 
bear at as many points as possible. 

13. Ordinary copper brushes are not strictly tangential, 
this type being used only on small machines and on arc- 
light machines where the current is small. A form of 
strictly tangential brush is shown in Fig. ; (V^) Carbon 
brushes are often made as a kind of compromise between 
the tangential and the radial types, as shown in Fig. 7 {/?). 
Just as in the case of the most common form of copper 
brush, it is neither exactly perpendicular nor parallel to 
a radius of the circle representing the end view of the com- 
mutator. No matter what style of brush is used, it sb' -*^'' 
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bear aiiatnsit th« cnmmutatar with tbe g 
generator i>ru9hes And statlnaarT-f 
arranged tb^t the teitsioa can I 
motor* (Mrcei -railway motors) are i 
are Mf limited in ji»cnt at spa 
bnub-hiildinK device miut be designed to avi 
ten»ion throughout the life n( the brush. 

The teiMJoii that a brufth spring most han depend >» 
tlic material and condition of the cuouantacar and on tk 
material at the bnd 
itself. A cupper brv^ 
docs not. as a rtdr. cal 
for as mach tensifKi ai 
a carbon brush, and snA 
carbon will mn vitk ks 
tension than hard > 
bon ; a rou)f h cntnmata- 
lor needs more bmsh teo- 
sion than a smooth onr: 
for given brush nintai-t. 
large currents call fur 
more pressure than ■s-mi'.l 
ones. Finally, where 
there are several brushes 
be the same on all, so that 
File current. This tension 
It; current without sparking 
;it enough to wear out the 
>f the features most con- 
■iilu- j>r()per setting of them: 
tlie article on " Sparking." 
riLsli and the commutator is 
111 hi: lii^rh and heating will 
rcasinj; the pressure beyond 
in very little reduction of resistance, 
e {rictinii, Knr stationary work, a 
.is per square ineh -if brush contact 
,■ . ,:^ii-ient. I'or railway work, the pressure 
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Huty trill alt take ahn 
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mut Oa the other hand, 
i-iSttaii! jm-iunl result* in \ 
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has to be much heavier on account of the jarring to which 
the motor is subjected. 

14. One of the greatest weaknesses of carbon brushes is 
that they, at times, stick in the holder so that the tension 
spring is not strong enough to force down the brush to its 
place, and even if it does force it down, the pressure on the 
commutator will be too light. This very serious fault may 
be due to either of two causes: lack of uniformity in the 
thickness of the brush or an excess of paraffin in the brush. 
If a brush is thicker at one end than it is at the other, it may 
go into the holder freely if put in thin end first, and might 
not go in at all on the thick end. The result of this is that 
as soon as the brush wears down to a point where the thick 
end enters the holder it sticks. On the other hand, the 
fault may be due to a nick or burr in the brush holder itself. 
The only way to get rid of all chance of such trouble is to 
have a hard-steel gauge for the brushes and another for" the 
holders; discard all brushes that will not pass through the 
brush gauge freely and file out any holder that will not take 
the holder plug gauge. As a final check against a bad 
brush getting into use, always try the brush in the holder 
end for end. The common practice of sandpapering a 
brush to get it in is a very bad one, as it not only makes the 
brush lopsided, thereby impairing its contact with the main 
sjrface in the holder, but it also takes off the copper plating. 
The second source of trouble — an excess of paraHin in 
the brush — is accounted for as follows: If a carbon brush 
is snugly .fitted into the holder so that it slides back and 
forth freely, but without any clearance, while the holder 
and brush are cold, as soon as they become warm the 
paraffin oozes out, forms a paste with whatever carbon or 
copper dust there may be present, and causes the brush to 
stick. It'is a very common occurrence to see brushes that 
have been giving trouble coated with a tough skin of carbon 
dust and paraffin that can be readily scraped off with a knife. 
It is very essential that the brushes should l)e kept clean 
and trimmed to fit the commutator; to trim them, an iron 
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jig similar tu that shown in Fig. 7 (r) should he used so 
that the bevel may be kept perfectly true. This jig is 
intended more particularly for filing copper brushes. 
Carbon brushes can be sandpapered to shape in place. 



THE COMStUTATOn. 

liii. The t'oiiiniiitator is the most sensitive part of a 
machine and its faults are liable to develop more quickly 
than those of any other part. When a commutator is in 
the best possible condition, it becomes a dark-chocolate 
color, is smooth, or glazed, to the touch, and causes the 
brushes, if of carbon, to emit a characteristic, squeaky 
noise when the machine is turning slowly. Under no cir- 
cumstances should any weight be allowed to rest upon the 
commutator, nor should it be caught with a sling when the 
armature is being lifted. The commutator should pref- 
erably be set upon a tapered seat on the shaft, forced up 
to its seat, and secured with a nut and lock, besides being' 
provided with a key to prevent turning. With such an 
arrangement, the problem of putting on or taking off a 
commutator is very much simplified. Great care should be 
taken to eliminafe every possibility of the device becoming 
loose, as such a defect gives rise to others, among which can 
be named open-circuited leads and consequent sparking. 
Great care should be taken to secure the best insulation 
between the bars and the shell, and from bar to bar, as a 
breakdown in the commutator insulation has the same effect 
as a breakdown in the insulation of the armature winding 
itself. The commutator bars should be perpendicular to a 
plane at right angles to the shaft, so that the brushes will 
not, in effect, set on a diagonal and cover more bars than 
they should. To secure the best results, the brush holders 
should be set as close to the commutator as possible, so as 
to do away with chattering. This is most desirable on 
machines that are to run in both directions, and the brush 
holder should, on such machines, be designed to slide radially ' 
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inwards, so that wear in the commutator can always be 
readily compensated for. 

16. If a dynamo or motor is not abused with too much 
overload, if the brushes are set properly, and if the commu- 
tator is made of the proper material, it should seldom get 
rough. As a rule, sandpaper and emery cloth are used 
around machines much more than they should be. For 
ordinary roughness of the commutator, due to some tem- 
porary abnormal condition, it is well enough to use sand- 
paper, but for chronic roughness some more permanent cure 
must be applied, as there is some serious cause behind the 
trouble. Take any of the following troubles, for example: 

If a commutator, when it is built, is not properly baked 
or screwed down after it is baked, it is liable to bulge out 
in the course of time under the action of the heat due to 
its normal load and the centrifugal force, or it may develop 
loose bars. In the case of the bulging of one side, sand- 
paper will not do any good, because from the nature of the 
way in which it must be applied, the low part gets as much 
sandpapering as the high part and the relation between the 
two is kept the same. The best thing to do with a commu- 
tator that bulges badly is to take it off, bake it so as to 
loosen the insulation, tighten it up well, and turn it off in 
the lathe. For ordinary curvatures of surface, that is, 
unevenness due to wear, it is customary to set up a tool 
post and slide rest on the bedplate of the machine itself and 
turn off the commutator in position. 

If the machine is a dynamo, it is run from its engine, 
which must be run very slowly; if the machine is a motor, 
its speed must be cut down by putting a water resistance in 
series with the armature but not with the field; in either 
case, a tool with a diamond-shape point must be used and 
the speed must be such that the bars will not be burred nor 
the nose of the tool burned. Keep the cutting point just 
about opposite (but a trifle above rather than below) the 
center of the commutator. After the commutator is turned, 
it should be smoothed off with a file and sandpaper, any 
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burrs between the bars should be picked out, and vaseline 
sparingly applied through the pores of a coarse canvas rag. 
Always have the brushes raised when sandpapering a com- 
mutator, even if the machine has to be given a start and 
allowed to run on its own momentum, because, otherwise, 
the brushes will catch all the dust, with the result that they 
are apt to get clogged or the commutator become scratched. 
Outside of this, it is dangerous to sandpaper a machine that 
runs with an excited field and at a high speed, because the 
flying copper dust might be the cause of a short circuit that 
will burn the operator. This has happened more than once. 
A narrow scratch or several of them all around the com- 
mutator means that there are particles of hard foreign 
matter under one or more of the brushes; the best thing to 
do is to take out the brushes and clean them. A broad 
scratch around the bearing surface of the commutator prob- 
ably means that one of the brush holders has been set too 
close or has become loose and slipped down to a point where 
it touches the bars. The same scratchy appearance around 
the ears of the bars probably means that the armature has 
too much end play or that one of the brush holders is set 
over too far. 

17. Hiffli Bars. — A metaliic click emitted twice, four 
times, or six times (according to the number of brush hold- 
ers in use) per revolution, indicates a high bar in the com- 
mutator; in such a case, the brushes will be seen to jump a 
little when the high bar passes under them. A high bar 
can come about in either of two ways: it may be due either 
to a loose bar working out or to the fact that one bar is 
much harder than any of its neighbors, and, therefore, does 
not wear down at the same rate. If the high bar seems to 
be firm under a blow from a hammer, it will be safe to take 
it down with a file while the armature stands still; but if 
the hammer test proves the bar to be floating, it is a serious 
matter, and nothing short of a regular repair job will give 
satisfaction. In testing a bar or bars with the hammer, 
care must be taken not to nick or dent the commutator, as 
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such a defacement will cause the high-bar click to be emitted 
and it will be misleading. 

18. Ta>w Bars. — A fault very much akin to a high bar 
but much more serious in most cases, is the low bar, which 
gives forth very much the same sound, but the brushes 
drop, instead of rising, as the fault passes under them. The 
low-bar trouble may be due to anyof several causes: it may 
be due to the commutator having received a severe blow in 
the course of handling; to one or more bars being of poorer 
material than the rest; or it may be due to the gradual eat- 
ing away of the bar on account of sparking at that particu- 
lar place. On any but ordinary bipolar machines, a loose 
connection will generally affect more than one bar. The 
main difference between a high bar and a low one is in the 
amount -jf work required to remedy them. A high bar can 
be removed by filing down or turning down that bar alone 
to the level of the others, but to get rid of a low bar, the 
rest of the commutator must be brought down to its level. 
This means that unless the low bar or flat is very slight, the 
commutator must be turned off. There are several other 
faults pertaining to commutators that will be taken up under 
the head of " Sparking." 

19. Of course the most serious condition is to have a 
Kimmutator that is poorly made and of poor stock. If the 

Pmica and copper used 
rare not of the proper 

■ relative hardness, one 
rwill wear down faster 
I than the other, leaving 
I the surface of the <om- 
I mutator a succession of 
I libs. If the mica is too 
I soft, it will pit out be- 

■ twecn the bars, leaving 
III trough to fill up with 
Pcarbon dust and in a 
r degree short-circuit the 
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neighboring armature oils. If the mica bodies are too 
hard or too thick, the bars will wear in ruts and call for fre- 
quent turning down. The best combination for all-round 
work is made of soft, clear mica and hard-drawn copper. 
One practice of the day, and one that tends to materially 
increase the life of a commutator, is to so design the shape 
of the commutator bars and the set of the brushes, and to 
so proportion the end play of the armature that the brushes 
will play over the whole wearing surface of the commutator. 
Fig. 8 shows such a disposal of the brushes, which are said 
to be stafcgrered. The plan is to have the brushes so dis- 
posed that no riilges can be formed either on the outside 
edges or center of the commutator. 
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THE AHMATUKK. 

30. Armatures should be handled with great care, as it 
is an easy matter to bruise a coil or a lead, and this may not 
be noticed until the machine is started up and the trouble 
begins. All armatures should be supported by their shafts 
as much as possible, and should not be rolled around on the 
floor at the risk of having a coil punctured or a lead broken. 
When lying on the floor, they should He upon padding of 
some sort. Extra armatures not in use should be kept 
housed in a dry place. The bearings and end play of the 
armature in use should he closely watched so that the core 
may not be let down on the pole pieces. 

21. Heating of Armatures.^ An armature should run 
without excessive healing; if it heats so as to give off an 
odor, any of several things may be the matter with it. It 
may be damp — a condition that, as a rule, is shown by 
steaming, but which can be better determined by measur- 
ing the insulation to the shaft with a voltmeter. This insu- 
lation should be at least 500,000 ohms when the machine is 
hot. If less than this, the armature should be baked, 
either in an m-en or by means of a current passed through 
it in series with a lamp bank or water resistance. In using 
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rheostat watch it closely, for the current increases 
as the water becomes hot. The baking current should not 
^exceed the full-load current of the machine. In applying 
the current to the armature, be sure that the series field, if 
■the machine has one, is not included in the circuit, and that 
the shunt field is broken; for if either field is on, the machine 
may start up as a motor. A machine that is too damp to 
run will heat at no load as well as at full load. 

3!2. Another cause of heating under no load is due to 
the commutator being partially short-circuited all around 
from bar to bar, so that even when the coils are in the most 
active part of the field, a strong current can be set up 
through the local circuit provided by the coits themselves, 
the commutator bars to which their ends are attached, and 
the defective insulation between these bars. Such a con- 
dition often arises on an old machine, where the oil applied 
to the commutator has soaked into the mica bodies and car- 
bonized. There is a case on record where the commutator 
was so short-circuited in this way that the machine would 
not start as a motor, because the applied current passed 
through the commutator instead of through the armature 
coils. The only true remedy for such a trouble is to put on a 
good commutator. Temporary relief can sometimes be 
obtained by taking a deep cut off the commutator, thereby 
removing the most defective part of the insulation. 

23. If instead of the whole armature running hot, the 
heat is confined to one or two coils, the indications are that 
there is a short circuit either in a coil or between the two 
commutator bars that the ends of the coil connect. Such a 
short-circuited coil run in a fully excited field will soon burn 
itself out. A short circuit of this kind can be readily 
detected by holding an iron nail or a pocket knife up to the 
head of the armature while it is running in a field; any 
existing short circuits in the coils or commutator will cause 
the piece of metal to vibrate very perceptibly. One or more 
coil connections reversed on one side of the armature will, on 
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a dynamo, cause a local current to flow from Che strong halt 
to the weaker half, and thereby cause all the coils tohMt 
more than they should, besides decreasing the effective 
E. M. F. of the machine. On a motor, the effect is to 
decrease its counter E. M. F. so that it will take more cur- 
rent under given conditions, while the side containing Ibc 
reversed coils will be hotter than the other side. The lesl 
for such a condition is to pass a current into the coils, one a1 
a time, through the commutator bars, and to hold a compas 

needle over the coil that is < lected to the two bars being 

fed; as soon as the reversed coils are reached, the compass 
needle will reverse the direction of its deflection. The coil; 
must be disconnected and their ends reversed. 

24. A broken armature lead or an open-circuited eoi 

soon declares itself by causing a spark to travel around thi 
commutator. A grinding, rumbling noise accompanied b) 
excessive sparking and perhaps some slipping of the bell 
indicate that the bearings have worn down, letting tht 
armature rub on the pole pieces. This is a trouble thai 
takes place too often, and there is no excuse for it, for ever 
if one docs not know hinv long a set of bearings should run, 
he can easily tell Jiow much wear has taken place by gauging 
the distances between the armature core and the top anc 
bottom pole pieces. In such a case, the whole surface ol 
tile armature liecomes hut and the bottom pole pieces anc 

aSi, An armature will siitnctinu-sgt^t very warm througli 
no favilt nf its uwti, l)ui tlirounh heating from an abnormal!) 
hot beiiring. Heat due to such a cause can generally be 
detected by tl)c odor given off by the hot oil. Anothei 
serious trouble to which armatures are liable, especially 
motor armatures, is a bent shaft; this causes a very char- 
acteristic rattling noise to be emitted, the brushes spark, 
and the belt snnietimcs wabbles. The nnly thing to do -J^ 
a bent shaft is t<i take <"•• '''e armaUire and straiglv 
shaft. After straight shaft it may be neee 
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prn down the commutator before it will rur 
t the shaft m;iy have existed lu :i slight i 
l^onths. 



true, as the bend 
xtent Cur several 



6. One very peculiar fault to which armatures 
^e is known as a nylo^ cross. This is due to a Iw 
at only gives trouble when the armature is in 
The loose wire may either be broken, it may have 
connection, or it may have defective insulation that 
it to come into contact with other wiresas soon as the 
lure comes up to speed. In any case, the fault j(i' 
trouble as long as the armature is at rest, but as sod 
gets up to speed, the centrifugal force throws the loos 
*>ut of place and causes the brushes to flash. If not ]< 
nd removed, the fault will, in time, burn a hole in the 
ure insulation. 
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37, Overloaded Armatnres.— One of the most common 

auses of general trouble and heating in an armature is 

JDverload; this may be due to ignorance or neglect or to 

;rror in the instrument that measures the load. There 

great tendency on the part of owners to gradually 

pncrease the load on a machine until it may be doing about 

wice the work it is intended to do, If the machine is a 

;dynamo, lamps are added to itsload one or two at a time; in 

this way it is an easy matter to overload a dynamo without 

intending to. If the machine is a motor, small devices may 

lie put on it, one at a time, until an overload is the result. 

Another very common way of uverloading a machine is to 

Qcrease the voltage at which it is run. Many operators 

Bve the idea that as long as the current through the arma- 

ilire does not exceed its proper value, it does not matter 

»hat the voltage is, as long as it is not high enough to break 

own the insulation. The load on a machine is given by the 

roduct of the current and the vultage, hence the voltage has 

direct influence on the load. If the voltage on a mad 

doubled and the current is kept the same, the load 

16 machine ■ — '- '■It-d 
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si« Tvnning toecUKf 

han its dxare of the ka 

get iiatt 

tbe needle mar stay in UK 

o< 45 per oeni-, and tbe 

Ike wiser. 

tbe ctiimnuiaiur 
I «p and spark, the belt 
egnw«l»ocanoiner. If it is possible 
. fur tbc bnubes at some inirr- 
WM ida e M Jami aad at ao had. tUs dionld ah» be possible at 
Ml knd. If it is ooc pnwriM e . tbc srmptotns point to over- 
lud sad ibe ammeter slioold be tested. Of course, stjine 
L badly no matter whether they arc over- 
[ ti ^woally true of the older types. 
When a machine perststs in ^parfcing when the otmroiilamr 
ir. : cVTry-.r.ir.j,' i-!i.c at" ut it is in good condition, the trouble 
— iv jj^r.rri'.ly It ai'.ribiited topoordesign. Some machines 
arc >:- >- rly iit>:fT:t-fl that it is practically impossible to 
kecii ■.htn: ir-joi si^arking. 



FIELD COILS, 

9. \Vc gent-rally havL- two kinds of field colls to deal 
I. iianit-ly, slmut and st-rus, or both, depending on the 
-■ "t machine. These may be further subdivided inlii 
ilasses. fiirm-wvnmd and shell -wound. Fine-wire fields 
usually called slnuil fields because they form a shunt 
lypath for the armature current on a dynamo or the line 
ent on a nioinr; they are of high resistance, so that 
■ «ill take but a small part of the current supplied to cr 
L macliine, and they are subjected to the fullline voltage, 
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indicated in Fig. 9 {a), where A is the armature and /'Is 
pe shunt field. Coarse-wire fields are usually called series 
elds, because they are in series with the armature, and 
Ihould be able to carry the current that flows through the 
re. They are of low resistance so that they may 
bnsume as little as possible of the voltage supplied to or by 
: machine, and as a result are subjected to but a small 
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E. M. F., as indicated in Fig. 9 (d), where the drop through 
the series colls Is supposed to be 2 volts. No matter what 
kind of field may have to be handled, the coils, leads, and 
connecting lugs should be handled with great care. The 
bearing surfaces of ihe coil should be brushed off before the 
1 is put in place, to avoid having any chips of foreign 
matter mashed into the insulation when the field bolts are 
screwed home. 

30. Field colls should be installed in such a way that when 
the current passes through them, if one pole piece is called 
north, the poles on both sides of it will be south. Coils, as 
a rule, are marked so that the workman may know exactly 
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where they are to go and which end is Lo point toward th( 
commutator. It is usually easy to tell by the shape of ih( 
field which face of it is to go next to the frame of th< 
machine and which next to the armature. If the coils art 
not marked or if there is any doubt about the marks, th< 
matter can be settled as follows: Set the field coils on thi 
floor and line them up on edge, as shown in Fig. 10; con 
nect them together and send a current through them. Gi 
them, by trial, so that a piece of soft iron, held in the hand 
will pass in an easy curve, as shown at /, from one coil to thi 
other, the same end on. Should the piece of iron try to take 
the position shown at /' between any two coils, reverse one o 
them. When the coils are all turned so that the iron takes. 




the curved path from one to the other, put them in place on 
the machine in this same relation, for then it is certain 
that they will alternate in polarity. A more certain lest, 
perhaps, is to put the field coils into the machine as it is 
thought they should go (leaving out the armature), and test 
them with a compass or piece of soft iron the same as 
before. In using a compass, care must be taken that it 
does not stick, for then the lines of force of the field are 
liable to thread through it backwards and reverse its 
polarity; if this takes place just at the wrong time, it 
may be misleading. The reason for making the test with- 
out the armature in place is that the pole induced in the 
armature core opposite each pole piece is apt to influence 
the action of the compass. 




T 



DYNAMOS AND MOTORS. 97 



Stl. The effect of putting a field ciiil in end for end on a 
amo is to decrease the voltage that it will generate even 
B Open circuit, and perhaps render the machine unable to 
lerate at all. On a motor, the effect is to greatly 
icrease the current required to start, to abnormally increase 
! Speed after it is started, and to cause the brushes to 
irk- If a motor has only two fields and one of ihem is 
mnected incorrectly, the machine will either not start at all 
r else it will start very slowly and take a very large current. 
L two-field dynamo cannot generate, under the same condi- 
tions even if excited from some other source, unless one coil 
lappens to be a little stronger than the other, in which case 
ftthe machine might generate a small £. M. P. 

33. Where the machine is com pound- wound, the two 
windings generally occupy parts of the same spool. Great 
care should be taken to get both sections properly connected. 
On a dynamo, if the shunt field as a whole is connected cor- 
rectly but the series field incorrectly, the machine will pick 
up its field and hold it, but it cannot be made to take a full 
load; for as soon as the main switch is closed and current 
goes through the reversed series coils, their magnetizing 
force partially neutralizes that of the shunt coil, reducing 
the E. M. F. of the dynamo and fixing a limit above which 
the load cannot be made go. If the shunt fields are wrongly 
connected and the series field are correctly connected, the 
machine will not pick up its field at all on open circuit, and 
whether it will or not on closed circuit depends on the 
resistance of that circuit. This resistance must be vory low 
for the comparatively few turns of series field to pick up 
through it, and even if it did, the resulting voltage applied 
to the terminals of the wrongly connected shunt field would 
bring about a neutralization of magnetism, and the E. M. F. 
would fall again. 

33. On a motor it does not matter so much whether or 
not the shunt and series fields, as a whale, are connected to 
assist or oppose each othi'r, unless the machine has been J 



; has been J 
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heavily over-compounded to riin as a generator, in which 
case, if it is desired lit use the series coils for maintaining 
constant speed under a variable load, it will be necessary to 
put a shunt in multiple with them. When a compound- wound 
motor is so connected that its series and shunt coils assist 
each other, it is said to be acciimulath'ely connected, and it 
then has its greatest starting power for a given current. 
When the two fields oppose each other, the motor is said to be 
differentially connected, and if the strength of the two wind- 
ings is in the proper relation, the speed of the motor will be 
constant within reasonable variations of load, if the voltage 
is constant. If, however, the series coils are too strong, the 
machine will run faster at full load than at no load, taking a 
great deal more current than it would with the reverse con- 
nection of the fields and perhaps sparking at the brushes. 

34. Every dynamo, whether series-shunt or compound- 
wound, must have its fields connected in a certain way, in 
relation to the armature and the direction of rotation, or it- 
will not generate. The direction of rotation of a motor 
depends on the connection of its fields and armature, and it 
can be reversed by reversing either of these, but not both. 
When a motor runs in a certain direction, a certain relation 
exists between the directions of the currents in its armature 
and field; when either of these currents is reversed, it 
changes this relation and with it the direction of rotation; 
but when both are reversed, which corresponds simply to 
changing the polarity of the dynamo that runs the motor, 
the relation remains the same and so does the direction of 
rotatiim. Exchanging the places of the terminals applied 
to a motor (unless it is separately excited) will not change 
its direction of rotation. For given armature and field con- 
nections, a shunt machine will run in the same direction as 
a motor that it does as a dynamo; a series machine will run 
in the opposite direction in the two cases, while the direction 
in which a compound-wound machine will run as a motor 
depends on the relative strength of the two windings and 
on the conditions under which the motor is started. 



I MOTORS. 

FIELD-COIL TftOimi.ES. 

35. Fields, like armatures, are subject to troubles of 
'Various kinds; they are liable to open circuits, short circuits, 
and grounds. An open circuit can give rise to various 
effects, depending onthe conditions under which the machine 
operates and also on the style of machine. In the rase of a 
series dynamo, an open circuit in the field will render it 
totally incapable of operating either as a motor or a dynamo, 
but no harm can come to the machine itself, unless the fault 
should take place while the current was on, in which case it 
would be apt to burn a hole in whatever happened to be 
around the break. 

36. On a shunt machine, the amount of trouble caused 
by the opening of a field coil depends on whether the machine 
is a motor or a dynamo; and if a dynamo, on whether it 
runs alone or in multiple with other dynamos. If the 
machine is an isolated dynamo, a break in the field coil can 
do no further damage than to prevent the machine from 
generating and, hence, cut off the current from whatever 
lamps or motors may be operated by it. If, however, the 
dynamo is in multiple with other dynamos on the same load, 
the result of such a fault will be that the other machines will 
send a large rush of current back through the faulty machine 
and cause, practically, a short circuit. 

37. Series dynamos are not, as a rule, run in multiple. 
If a shunt dynamo that is ordinarily run as a dynamo is 
made to run as a motoi by current being backed through it, 
it will keep on running in the same direction, but will spark 
at the brushes, owing to the fact that the brushes are in a 
place suited to dynamo running and not to motor running. 
If the dynamo is compound-wound, the direction that it will 
try to run when it becomes a motor depends on the position 
of its brushes and mainly on the relative strength of the 
series windings and shunt windings. Breaking the field of 
a dynamo in multiple with other dynamos amounts to the 
same thing practically as breaking the field on a shunt motor. 
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^F Breaking the Geld a( a sbunt motor destroys its counttr 
■ E. M. P.. so that there is no opposition to the line E. M- F. 
And there is practically a short circuit through the armature. 
As the field magnetism dies down slowly, the counter E. M.P. 
dies dowD also, and the short circuit does not take place sc 
quickly but that the faulty machine may acquire a very high 
rate of speed and throw its belt or do other damage before 
the fuse or circuit -breaker acts, 

38. An open circuit in the field of a shunt motor in 
action, then, results in a short circuit, abnormal speed, 
thniwtng i>)T the bell, and opening the circuit-breaker. On 
a compound -wound motor connected accumulatively, the 
speed win nut reach such a high value, because the series 
coils hold it d'lwn; but if the motor is differentially connected. 

t.as soon as the shunt held breaks, the series coils opposed to 

I it bringlhe motor ta a stop and start it up in the opposite 
Jircction. If the fault should occur while the motor is 

^standing still, it would be impossible to start a simple shunt 
Aorwith a safe current. A compoimd- wound motor will, if 

F^tbe starting current is large enough, start up on the lield 
provided by the sfrit-s-liirtis; bwt it will start up m ilii. 
wrong (lirei'tiun if thi; series coils are so connected as to 
oppose the shunt cnjls. 

89. The effect ..f the reversal of a single field coil on a 

fflachine depends on hmv many field coils the machine has, 

in other words, the mi're poles a machine has, the less will 

1)6 the effect "f an irregularity in one of them. If the 

machine 1^'^* ""'y '*'■* ^'"'■'-■^ -i"'! "^"s of them is incorrectly 

Mnncctcd. tl"' machine will n^t start as a motor and it will 

. -^I^ate as a dynamo. If there are four field coils, it 

- I g. heavy current tu start it as a motor, and the 

I -apark even while the motor is starting. As a 

nt ina>-'lii'i'-'*^ will refuse to pick up their fields 

Jt ftt V'^''/ '''S'l spteda. and even if separately 

^gjU^e at nnrmalspccdwill be below its proper 

a of more lli;in four field coils, the same 
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symptoms hold good, but to a less degree, and are charac- 
terized by sparking at the brushes that include the faulty 
field. 

40. One other fault producing effects very much like the 
above is loose joints in the magnetic circuit. Where a 
machine has two halves fitting together, great care should 
be taken that no particles of foreign matter are allowed to 
get in the joint and so introduce an air gap into the magnetic 
circuit. The same precaution holds good in regard to 
machines having detachable pole pieces. The effect of a 
loose, or open, joint in the magnetic circuit, as in the case 
of a reversed field coil, is to weaken the field of the machine, 
so that on a dynamo there will be trouble picking up the 
field at normal speed, and the open-circuit voltage will be 
reduced by an amount dependent on the seriousness of the 
fault ; while on a motor the starting current will be greater 
and the speed higher than it should be. 

The effects are aggravated where the dynamo or motor is 
running in multiple with others. If a dynamo, it will be 
unable to meet the requirements of the rush hours, because 
its voltage cannot be increased enough to make it claim its 
share of the total load; it will require close hand regulation 
under varying loads, because its voltage will not vary at the 
same rate as that of its neighbors, although it may be the 
same kind of a machine. The best illustration of the condition 
applied to motors in multiple is found on an electrically 
propelled car where the two or more motors are practically 
rigidly connected within certain limits of load. The motors 
when doing their heaviest duty are in multiple, and the one 
whose path offers the least resistance takes the most current. 
The motor that has a reversed field coil or a loose, or open, 
joint in its steel frame, has a lower counter E. M. P., and 
hence has less apparent resistance ; it will then be only a 
matter of time when this motor will cause the car to 
repeatedly blow its main fuse. The motor will become hotter 
than its mate, the brushes will spark, the commutator will 
blacken and become rough, the armature throw solder, and 
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a final inspection will probably show that all the cutton 
insulation on the fie!d wire is baked or charred. 

41. Short Cipoulis In Field.— The action of a short 
circnit in a field coil depends on the kind of machine, the 

^^^ manner in which the 

r 1 J 3 4 j field coils are con- 

I ^^ro^5^-^OTIr>^^^^S!Xy^^ra^ ' nected, and whether 

1 a 3 * the short circuit is a 

~| \ T T I^C good or bad contact. 

■'V^ a i S 3 Take a shunt dy- 

_J (_ 2 Z ±. namo, with four 

f''' field coils; if the 

^'°- "■ coils are in series, as 

in Fig, 11 (a), so that the voltage across each coil is only one- 
fourth of the total voltage, a good short circuit in a single coil 
will cause it to run comparatively cool, while the remaining 
coils will get unusually warm. A bad contact is apt to emit 
more or less of an odor of burning shellac and other insula- 
tion. The cutting out of a single coil in four will reduce the 
resistance of the field circuit so that more current may flow 
through the remaining coils in an attempt to make up the 
loss of magnetism due to the cutting out of one coil, but 
this automatic compensation will not be so much but that 
the field rheostat resistance will have to be lessened to keep 
up the dynamo voltage. 

42. On the other hand, if the shunt coils are alt in mul- 
tiple, as shown in Fig. 1 1 (i), the faulty coil will be the one to 
get hot and the rest of the coils will run at normal tempera- 
ture. If the fault is such as to cut out the coil entirely, the 
machine will loose its field, because a shunt machine will not 
support a field on short circuit. On a compound-wound 
dynamo running alone, a short circuit-in the shunt winding 
will cause about the same symptoms, as far as the heating 
goes, as in a shunt machine. If the shunt coils are in 
multiple and connected as shown in Fig. Vi (a) (short sliunt 
connection), the dynamo will drop its field if one shunt 
coil is dead short-circuited; but if the shunt coils, as a 
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hole, are connected as shown In Fig. 13 {/') (/oiig shunt 
connection), so that the series coils are in series with the 



I 



fault, the dynamo will throw its belt because the series 
coils work under the best possible conditions — a short 
circuit. 

43. Slolsture In Field Colls Moisture in field coils 

will cause them to heat and make the brushes spark. 
Before putting such fields into actual service, they should be 
baked out, either with the current or in an oven. Moist 
field coils, as a rule, steam when hot. feel moist to the hand, 
and their insulation to the frame of the machine measures 
low. The most refined way of locating a short-circuited 
field is to measure the resistance of the field suspected and 
compare it with that of a standard field of the same kind. 
A variation of over 10 per cent, should not be allowed, and 
where the fields are in multiple, not over 2 per cent, varia- 
tion should be allowed. A short-circuited shunt field can be 
located by short-circuiting or cutting out one field coil at a 
time and measuring the open-circuit voltage of the dynamo. 

44. Groiintletl Field CoIIh. — A grounded field is a very 
common source of trouble in some classes of work, but 
a very unusual one in others. Commercial circuits may 
be divided into two classes, namely, metallic-return and 
ground-rclurn circuits. On metallic-return circuits, both the 
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outgoing and return wires are insulated from the earth. 
Ordinary lighting and conduit trolley systems are examples 
of metallic-return circuits. Ordinary street-railway sys- 
tems are examples of a grounded' circuit, since the trolley 
wire constitutes one side and the ground or track the other. 
The indications of a grounded field depend on whether the 
machine is on a metallic-return or a ground-return system, 
and if on the latter, whether the machine is a dynamo or 
motor and what place the field occupies in the circuit. 

Metallic-return systems are, as a rule, characterized by 
having very little trouble from grounds; because, in the 
first place, since neither side of the system is permanently 
grounded, there is but half the tendency for either side 
to ground; and in the second place, a single ground does 
not at all disturb the operation of the devices, because 
another ground is necessary to complete the circuit. Should 
two grounds develop, one on each side of the circuit, or at 
two places in_ a device, a short circuit follows; but, as a 
rule, a single ground can be detected and removed before 
another occurs to cause trouble. Lightning is responsible 
for many of the grounds on metallic-return circuits. Inas- 
much as ground troubles are more common on ground- 
return circuits, we will devote our limited space to this class 
of work. 

45. Fig, i:) shows a shunt dynamo at work on a grounded 
circuit, the ground return being indicated by the dotted 
line. Suppose a ground takes place at a; the result will 



be a dead short circuit across the line, under which condi- 
tion the dynamo will drop its field. A ground at </ will have 
no effect, as that side of the circuit is already grounded. 
A ground anywhere between a and li will cut out a part of 
the field and severely heat the part not cut out. 
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4:6. Fig. 14 shows a compound- wound dynamo with the 
shunt field connected inside of the series field. A ground at a 
will cause the dynamo to drop its field as before; a ground 
at d will not be felt. A ground at b will cut out a part 
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Fig. 14. 



of the field and the remaining part will heat badly; the 
voltage on the line will drop. Fig. 15 shows a compound- 
wound dynamo with the shunt connected across the termi- 
nals of the machine instead of across the brushes. This alters 
the conditions very much. A ground at a establishes a 




Fig. 15. 

short circuit through the series field. The shunt field is cut out 
entirely and the line loses its power, but, owing to the strong 
current in the local circuit A-F-a-d-A^ the dynamo throws 
its belt unless the circuit-breaker acts quickly. A ground 
at b will give the same indication as in the case of Fig. 14. 

47. Fig. 16 shows a series dynamo at work on a grounded 
circuit. A ground anywhere on the field will cut the power 
off the line. A ground 








anywhere near a. un- 

less the dynamo is of 

the arc-light type with 

very heavy armature 

reaction, will throw 

the belt. A ground 

anywhere near b will simply cut out the field and the machine 

will stop generating. 
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48. Let us suppose now that the dynamo in each of the 
alxiTC figures becomes a motor; the current, instead of comii^r 
from within the machine, ccimes to it fn>ni an outside source. 
In Fig, !3, then, a ground at a when the machine is running 
will cat out the motor so that it can get no power, tbe 
circuit -breaker will fly oat or the motor will throw its belt, 
owiiif{ to the fart that in virtue t<f its momentum it irQl 
become a dynamo running on short circuit, both ends being 
grounded, one permanently and the other through the faulL 
The effects for the other grounds will be about the same as 
in the cast; of tht dynamo. 

In y'n^. 14, a fjround at rt will cut out the shunt field and 
stop the motor vltv suddenly, as the armature will be 
j;roimd<:d at both ends, and the series coils will be heavilv 
(■hart;''d liy the current passing through the fault. The 
machine will really become a separately e.xcited dynamo on 
short ririiiit. A ground at /■ will cause part of the field U> 
h.'al badly, anri a ffronnd at (/ wii! have no effect. 

1ti ['"ii;. l.'i, a ^rroiind at k will cause practically the same 
art ion as in I'ij,', 1 i and for about tbe same reason. In both 
lasrs, i)i<- motor will probably throw its belt. A ground at 
/' and // will cause the same action as in the case of the 
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through the short circuit. A ground at a can cause no 
Bction of this kind, because the dynamo has no shunt field; 
uid although the armature is permanently grounded on one 
snd and is grounded through the whole series field on the 
Other end, it cannot generate, because a series machine runs 
[n opposite directions as dynamo and motor, for given con- 
nections; so that the direction in this case is not the right 
Dne, The motor of Fig. 16 finds its practical parallel in the 
Street-railway motor as it is today. Fig. 17 is the same 
thing, only the fields are next to the ground, so that a ground 
in a field coil does not cut out the armature. 

In Fig. 17, a ground at a cats out the field and the entire 
Bhort-circuit current passes through the armature, causing 
violent sparking that burns the brushes and commutator. 
A ground at l> cuts out all the field below it, weaken- 
ing the field and causing the armature to take an excess- 
ive amount of current. A ground at d, as in former 
cases, has no effect at all. Placing the field next to the 
ground has the disadvantage that a ground may take place 
I in such a part of the field that the armature may be over- 
j loaded a long time before the fact is known; but it has the 
( advantage that, being on the negative side of the armature, 
( the difference of potential between the positive side of the 
field and the ground is very small, so that there is not as 
t great a tendency for grounds to develop as in the first case. 
I It is a well-known fact that cars equipped with motors 
i whose fields are next to the ground give much less trouble 
from grounded fields than cars whose fields are next to the 
j trolley. 



I B£ABONS FOR A DYNAMO FAILING TO GENEIt^VTB. 

49. IiOas of Kcsklual Milk not Ism. —Among the many 
causes which may make a dynamo fail to generate, loss of 

f residual magnetism is often one of the most troublesome. 

j The magnetism that remains in the steel or iron frame after 
the field current is cut off is called residual niapriictlsuit 
and every dynamo must have a certain amount of this to 
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start on before it can build up its field. As a rule, dyna- 
mos leaving the factory retain enough residual magnetism 
to start on, but there are several ways in which they can 
lose it ; they sometimes lose it after having given no pre- 
vious trouble of that sort in monlhs or years. Some 
dynamos never lose their residual magnetism, or chargie, 
I it is called, while others seem to have a weakness for 
ing it. 

In many cases the peculiar action cannot be explained; in 
ime cases it may be due to any of the following conditions: 
(a) Excessive vibration; henct ; dynamo should always 
rest on a solid foundation. (/') 'I'o the earth's magnetism; 
where practicable it may be well set the machine so that 
its north pole is toward the north , hen the earth's magnet- 
n will pass through the machii: a the same direction as 
■i own. The earth's magnetis s very weak, but when 
sistcd by vibration it may somel i besufficient to counter- 

act the residual magnetism. Only two-pole machines can 
be really set to till this condition, as on multipolar machines 
the poles radiate in all directions, (c) A dynamo set very 
near another dynamo; in such a case, stray lines of force 
from a li)adcd dyiiamo may thread their way through the 
magnetic circiiit of an idle one in the reverse direction and 
ni;utralize its residual magnetism. {(/) The fields acciden- 
tally given a slight How uf c-urrent in the wrong direction; 
this can very easily occur on a compound-wound or series 
dynamo, as current from the outside will always pass 
through the series coils in the opposite direction to that in 
which the current from the machine itself would pass. In 
-shunt niaciiinL-s, however, this is not so, for as a motor, the 
field winding shunts both the armature and the line. 
{/■) The machine started np with the fields or armature as 
a whole incorrectly connected, that is, reversed; in this case 
the result will be to dcsln'V whatever residual magnetism 
there may have been. (/) The heiil circuit broken too 
suddenly; when a field rircuil i; suddenly broken, the 
residual inayiK'tisni is siiimtiincs hniught down to zero or 
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50, Where a dynamo has lost its charge, the pole pieces 
mil have little or no attraction for a piece of soft iron. 
There are several ways in which the charge may be restored. 
Series dynamos seldom lose their charge so entirely that they 
will fail to pick up a field on short circuit. Where a com- 
pound-wound dynamo refuses to pick up a field with its shunt 
field, it can often be made to pick up by disconnecting the 
shunt coils and short-circuiting the machine through a 
small fuse that will prevent damage due to the short 
circuit. The same idea in a modified form may be used 
on a plain shunt dynamo by temporarily connecting all 
the shunt coils in multiple instead of series. This makes 
the machine a series dynamo with a low-resistance circuit. 
Any machine can in many cases be made to pick up a 
field by simply short-circuiting the armature by holding a 
piece of copper wire across the brushes or by rocking the 
brushes back from their neutral position. The effect is 
to make the magnetism of the armature help the field to 
build up. 

If none of these expedients produce the desired result, the 
fields must be recharged from an outside source. If the 
dynamo runs in multiple with other dynamos, this is an 
easy matter; it is only necessary to lift the brushes or dis- 
connect one of the brush-holder cables on the dead machine 
and throw in the main-line switch, the same as if the 
machine were going into service with the others. The 
fields will then take a charge from the line and their 
polarity will be correct. After the field has been charged, 
the brushes or cable must not be moved until the main-line 
switch is open, because a short circuit will be made. If the 
dynamo does not run in multiple with another and there is 
a dynamo within wiring distance, disconnect the shunt field 
of the dead dynamo and connect it to the live circuit. The 
live circuit may be the trolley wire of a street-railway 
circuit. Bear in mind, however, that this is a 500-volt 
circuit, so that if it is to be used for charging 125-volt 
fields it must be applied for only a couple of seconds. 
There have been cases where it has been necessary to run a 
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couple fif wires a quiirter of a mile, or more, to obtain 
current for charging a field. If there are absolutely no 
other means available fur charging, several cells of ordinary 
battery must be used; connect the field coils in series with 
the cells in series and give the pole pieces of the dynamo 
repeated knocks with a hammer while the charging is going 
on; if this fails, reverse the terminals of the battery and 
repeat the operation — it may be that the first lime the 
battery is applied its magnetizing force opposes what little 
residue magnetism there may be in the iron. As a last 
resource, when all other available sources fail, connect the 
fields so as to obtain the least possible resistance, put them 
in series with the armature through a small fuse, and speed 
the armature considerably above the normal rate. Very 
often a dynamo, instead of losing its residual magnetism, 
will acquire one of a reversed polarity, due, perhaps, to the 
same causes exercised to a greater degree. Except where 
the dynamo is used for charging storage cells, or for elec- 
troplating, or for running arc lamps, or for running in 
parallel with other machines, the reversal of its polarity 
can do no harm. In case an arc machine is reversed, the 
concave carbon will be the bottom one and most of the 
light will be thrown up instead of down, where it is gener- 
ally desired. 

51, Wrong Connection of FleW or Armature. — 

Every dynamo requires that a certain relation exist 
between the connection of its field and armature and its 
direction of rotation, or it will refuse to generate. Suppose 
a dynamo to be generating; if its field or armature connec- 
tion (either, but not both) be reversed, it will be unable to 
generate; or if all the connections be left intact and the 
direction of rotation reversed, the machine will be rendered 
inert. Not only is it unable to generate with the wrong 
connections or rotation, but a short run under this condi- 
tion will render the machine unable to generate after the 
conditions arc corrected, unless the field is recharged, 
because the effect is to destroy its residual magnetism. 
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Let us see why such is the case. It sometimes happens that 
when a dynamo is first started it has a small E. M. P. doe 
to the residual field; but upon closing the field circuit, the 
E. M. F. falls to zero and the machine refuses to generate. 
Such action indicates a wrong connection of field or arma- 
ture for the given direction of rotation and can be explained 
as follows: Suppose the dynamo to be properly connected 
and to be generating; this implies that the Geld cmrent is 
in such a direction as to produce a magnetic field that rein- 
forces the residual field. Xow, without disturbing any- 
thing else, let the field terminals be reversed ; for the sake of 
Kcleamess, we will suppose that there remains a residual 
field due to the current last flowing. Under this condition, 
the lines of force due to the residual field are in the same 
direction as they were when the machine was properly con- 
nected and generating; the small current now generated in 
the armature, and due to the residual field, will be in the 
same direction as it was ihen. but the field connections 
being reversed, the current flows around the [x>les in such a 
direction as to neutralize their residual magnetism. The 
weak residual field is now opposed by this new field and soon 
the residual field is reduced to zero, thus totally depriving 
the machine of all ability to pick up. Xor can a reverse 
field, even if established by recharging, be maintained ; for, 
assuming a reversed residual magnetism to be provided, the 
lines of force have changed direction, the armature current 
docs likewise, and previous conditions being reestablished, 
the residual field is again destroyed. If, then, a dynamo 
fails to generate, and all other conditions are apparently 
correct, reverse the field leads and again try to make the 
dynamo generate. If a loss of residual magnetism is indi- 
cted by very weak poles, recharge the fields. 



• 62. Open Clrcull». — A series dynamo cannot, of course, 

kk up its field if any part of the circuit is open, for there 

I hut one circuit. It cannot pick up its field if the resist- 

e of its outside load is above a certain value peculiar to 

1 machine, for as a rule^^^^^j^amos supply devices 
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lat are also in series, and every device added means more 

>esistance for the machine to pick up through. As it will not 

flick up through a high resistance, it is customary to provide 

ies dynamos with a switch, by means of which the line and 

■hine are short-circuited at starting, so that the load is 

thrown on until the dynamo picks up, after which the 

t-circuiting switch is opened, leaving the line properly 

nected to its terminals. A shunt, or compound-wound, 

mo will not pick up if the shunt field circuit is open; 

jpen circuit may be in the field itself, in the field 

,ostat, or in some of the wires or connections involved in 

circuit. A careful inspection will generally disclose any 

It that may exist in a wire or connection; to find out if 

rheostat is at fault, short-circuit it with a piece of copper 

; if the dynamo generates with the rheostat cut out, the 

■ is in the rheostat. To find out if the open circuit is in 

d coil, use a test-lamp circuit or a magneto-bell to test 

coils one at a time. Before doing so, be certain that all 

imunicalion is cut off between the machine under test 

the line, if there are other machines on the same circuiL 

making this test, bear in mind that if the dynamo is 

compound-wound and cimnected as shown in Fig. 15, an 

open circuit in the series coils will cut off the current from 

the shunt coils also. 

Connecting wires, in course of time, are liable to be shaken 
loose or broken by vibration; they should be made of flexible 
cable, and the screws that hold them may be secured against 
turning by means of a drop of soUIlt. A field circuit is some- 
times held open by a defective field switch that, to all appear- 
ances, is all right; repeated burning will oxidize the tip of 
the blade and make a blister on it ; the blister will not carry 
current and it will press the jaws <>( the switch apart so that 
only the blister touches, and so o]K.'nri the circuit. Another 
trivial but common cause of open circuits is the blowing 
of fuses. Fuses of the enclosed type jjive more trouble in 
lucutinLT the fault th;ui any other kind, because it cannot 
be told by looking at them whether the fuse is intact or 



no 



DYNAMOS AND MOTORS. 



43 



An open circuit in the armature will interfere with the 
})roper generation of the current, but such a fault, as a 
jTule, announces its own occurrence in a very emphatic 
ftnanner and does not, therefore, require to be looked for. 
A very uncommon source of open circuit, where copper 
brushes are used, is due to the burning of the brush heels 
into oxide. The dynamo will refuse to pick up until the 
brushes are trimmed and cleaned. When an armature 
just from the factory refuses to generate where the one 
just taken out has been generating, the trouble is prob- 
ably due to either of two causes : There may be shellac on 
Jthc commutator^ — in this case, a little coarse sandpaper 
t things right; the armature may be a right-hand 
irmature while the one taken out was wound left-hand, 
ce versa. The expressions right-hand and left-hand 
tere apply to features of winding or connecting, and 
should such a condition arise, it can be remedied by revers- 
ing the armature or field connections, or the direction of 
rotation. 

Before attributing the failure of a dynamo to generate to 
jbny of the above open-circuit causes, see that the brushes 
1 the commutator, the field switch closed, and the 
[Teater part of the field rheostat cut out. 

Always bear in mind that the E. M. F. generated when a 
machine is started up is very small because the residual 
magnetism is weak. It may not require a complete open 
^rcuit in the field to prevent the machine picking up. A 
lad contact that might not interfere with the working of the 
Machine when it is up to full voltage might be sufficient to 
Iwevent its picking up when started. A loose shunt wire in 
hliinding post or a dirty commutator will introduce suflicient 
Bsistance to prevent the machine from operating. Trouble 
H very often experienced in making machines with carbon 
-ushes pick up, especially if the brushes or commutator are 
t all greasy. If such is the case, thoroughly clean off the 
ioinroutator, wipe off the ends of the brushes with benzine, 
md see that they make a good contact with the commutator 
nrface. Metal brushes, if kept in good order, do not give 
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as much trouble as carbon in this respect, because their con- 
laci resistance is lower, 

AS. Abort Circuits. — A short circuit on the line wili 
make a shunt dynamo drop its field, but the dynamo 
in;iy Ihniw its liell before it does so. With a short cir- 
cuit on the line, a shunt dynamo will not. therefore, pick 
pp itK field. Such a short circuit may be due to some 
fault in the pilot-lamp circuit, or it may be due to a motor 
switch being left in . ' "ne by one of the outside 

consumers, dn this accov is to the interest of any 

company supplying pi>wcr . lotors to see that everj- 
motor is provided with an aut itic cut-out, so that when 
the line voltage goes below a tain value the motor cir- 
cuit will open. With a scries ■ ompound-wound dynamu, 
a short circuit on the line inci es its ability to generate, 
bceatisc the fault is in series h the series coils and its 
large current passes through t n. A series dynamo, like 
a shunt dynamo, will not pic up if the field is short- 
circuited. A com pound- wound ynamo will not pick up 
on oi>cn circuit if the shunt fiela is short-circuited; it will 
piik u|i with ill! o|H-n rin-uit in the main circuit, but will 
not liolil its voh;i);c iiiukT load if the series coils are 
sliori-iinniU'd. In sonic cases a shunt dynamo will not 
]iirk ii|i nil full luail. as this ri-alizes too nearly the condi- 
tion of a short lii-riiLi: so that to be on the safe side, it is 
best to let tin- iiiaihine ImiUl up its field before closing the 
line switch. 

no itself generally give rise 

location and nature of the 

linij to find out is whether 

out on the line; if it will 

vitcli is opened, but fails to 

is oiitsitle of the dynamo. 

, where a workman may 

ivire iyinji across the bus-bars. 

nscd to j;et rid of a cross on 

his is done by centralizing the 
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eniire dynamo capacity of the station, if necessary, on the 
faulty circuit, 

54. Brasheis and Brush Holders. — In order for any 
direct-current dynamo to generate, its brushes must be in a 
certain position that depends on the type and design of the 
machine. As a rule, the design of the brush hulder gives 
a clue as to where the brushes should sit, but one cannot say 
to 2 certainly where the brushes on a given dynamo should 
go unless he is familiar with that particular machine, because 
the position of the brushes is governed by conditions of 
winding and connecting not apparent to the eye. If the 
connections were brought straight out from the armature to 
the commutator bars, the brushes would always sit in line 
with the center of the space between the polar horns, because 
this is the position of the neutral 
field. But very often, for reasons 
of accessibility, the wires coming 
from the coils are given a lead | 
that brings the normal position 
of the brushes in line with the 
centers of the pole pieces. The 
brushes on a motor sit the same ^'°- '"- 

as those on a dynamo, except that on a motor they are given 
a little lead backwards (in the 
opposite direction to that in 
which the armature rotates), 
while on a dynamo they are 
given a little lead forwards. 
Fig. 18 refers to a four-pole 
■'"'■ '"■ machine with four brushes. The 

proper position for the brushes in this particular case is 
that shown in the diagram. A is on top, B to the right, 
Con the bottom, D to the left. If the rocker-arm be given a 
quarter turn to the right or left, so that, say, A takes the place 
of B, B the place of C, C the place of />, and D the place 
of A, it amounts to the same thing as reversing the armature 
cables or terminals, and the dynamo will refuse to generate. 
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sfused to generate. The trouble was located in the arma- 
core, which was found to be -^j inch too small in 
iameter and an inch tofj short. The armature was given a 
ning test before it left the factory, but it was run as a 
LOtor, and as no speed reading was taken, the mistake was 
noticed. ( fccasionally orders become confused in theship- 
T department and the armature gi3es out with the wrong 
lllley; if the pulley is too large, the difference in speed will 
Pfect the picking up of the dynamo. Finally, it is possible 
' send out a 135-volt armature with 25(l-volt fields, or a 
^50-volt armature with 500-volt fields; in such a case it is 
only necessary to connect the fields in multiple to make the 
dynamo generate, if it should so happen that the voltage of 

tthe armature is the voltage wanted. 
I HOTOB FAILS TO STAKT. 

58. When a motor fails to start when the controlling 
switch is closed, any one of several things may be the 
matter. There may be an open circuit, a short circuit, a 
wrong connection, the power may be off the line, or the 
trouble may be purely mechanical. If the failure to start is 
due to an open circuit or to absence of power on the line, 
there will be no flash when the switch is closed and opened 
again. To tell if there is any power on the line, test with 
incandescent lamps or a voltmeter. If the fault is an open 
circuit, it may be found in any of the following places: 
Defective switch; broken wire or connection in the starting 

ix ; loose or open connection in some of the wiring ; shellac 
on the commutator; a piece of foreign matter under one 
brush; brush stuck in the holder or no brush in it at all; 
brush springs up; fuse blown; some wire, apparently all 
right, broken inside of the insulation; or an open circuit in 
some part of the motor itself. Any of these sources of open 

■cuit may be located with a magneto-bell or with a lamp 
bell circuit. If the trouble is due to a short circuit, there 

,11 be a flash when the starting box is thrown off. 
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59. Among ihe more common sources of short circuit, 
are these: Short-circuited armature coils; short-circuited 
commutator; short-circuited field coils; field on a shunt 
or compound-wound motor connected so that the armature 
cuts out the field winding; carbonized brush yoke; brushes 




in the wrong position. If the armature coils or commutator 
are short-circuited, the machine may start and turn over 
part way and stop again. With a field coil short-circuited, 
the armature will start only under a heavy current, with 
accompanying sparking, and will acquire a high rate of speed. 
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<iO. Fig. 31 shows the correct method of connecting 
ihkiiit motor with an ordinary starting box. Shunt motors 
ire usually equipped with three terminals, 1, 3, S. Terminal 1 
takes one armature lead and one end of the shunt field; 
terminal 2 the other end of the shunt; and terminal 3 the 
Sther end of the armature. By e.xamining the figure it will 
be seen that 2 is connected ahead of the rheostat, so that as 
joon as the main switch B is 
thrown in, the shunt field is 
Bzcited from the mains. Then 
irhen the handle of C is 
pioved from the off position to 
the first point, the current that 
Pows through the armature has 
K strong field to react on and .. j— ™ 

the motor starts up with a good ps^ js^^wU*^ 

torque. Fig. 22 shows the 
motor wrongly connected. In 
this case, the wire running 
Irom post 3 is connected be- 
tween the rheostat and the 
motor instead of being con- 
.nected between the main 
switch and the rheostat; in 
fact, it is equivalent to con- 
necting posts 1 and 3 together. 
The result is that the shunt 
field is connected to the arma- ^"^- ^ 

ture terminals and no current will flow through it until the 
Starting-box lever is moved over. As soon as the starting- 
box lever is moved, current flows through the armature, but 
very little flows through the field because the pressure across 
the field terminals is only equal to the drop in the armature. 
SThe result is that the field is very weak and the motor refuses 
|o start until the starting lever is moved so far over that a 
»ery large current flows through the armature. The box 
becomes excessively hot, and if the fuses or circuit-breaker do 
not give way, there is danger of something being burned out. 
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01. Wroiifs Motor t'ouuectlons. — Wrong connections 
may be classed under two heads, internal and external. 
External wrong connections involve confusion of wires 
running to and from the motor, and are most likely to occur 
where a reverse switch must be used to change the direction 
of rotation of the armature. Such errors as getting an 
armature wire in where a field wire should go, or I'/iv versa, 
come under this head. Where field and armature leads are of 
the same kind and are brought out through a closed motor 
frame, they should be felt out by hand, for this is where 
the confusion is most apt to take place. Wrong internal 
connections, as far as the man that assembles and sets up 
the motor is concerned, are confined to the field coils. If a 
motor has only two field coils and one of them is connected 
incorrectly, the motor will not start at all unless the startingf 
current is so enormous that the armature itself magnetizes 
the field. If the motor has four coils and only one of them 
is incorrectly connected, the machine will start up under 
excessive current, but will spark badly and acquire a high 
rate of speed. Compound-wound motors with the series 
coils connected in to assist the shunt coils will not give the 
speed regulation that some classes of work require. 

62. Mechanical Troubles. — Among the purely mechan- 
ical troubles that may interfere with the starting of a motor, 
the following may be mentioned : Too mueh load ; loose pole 
piece down on the core, or bearings worn until core is let down 
on tilt pole pieces ; sprung armatnre shaft ivith the same result ; 
hat box; tight belt ; want of end play in the armature ; some 
piece of foreign matter between the core and the pole piece, or 
between thepinion and the gear, if the motor is geared to its work. 
In many cases, a motor can operate many more machines 
than it can start ; it should be a rigidly enforced rule that all 
machine tools operated by the motor should have their 
shifters thrown over when the day's work is done. There ia 
no excuse for an armature being let down on the pole pieces 
through wear in the bearings; they should be closely watched 
and close track kept of the time of last renewal. A loose 
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tic piece not only restrains the armature mechanicaily, but 

B weakens the motor field and lessens the starting power. 

I, sprung armature shaft is liable to occur at any time, and 

ay tie due to a suddenly imposed overload, a sudden 

^versal, or a hot box. A bent shaft is visible to the eye 

jsthe machine to make a noise. It should be taken 

|t)t at once. Want of end play may be the fault of the 

laker or of the operator; on every shaft there are two 

oulders that take the thrust of the bearings and limit the 

bd play. Sometimes an armature will turn freely when 

told, but when it becomes hot and expands it will bind on 

the collars. The end play must be limited or there will be 

knocking, so that if in renewing a set of bearings longer 

ones are put in than were taken out, the end-play problem 

is liable to arise. Bearings should always be turned to 

gauge. Belts should be long enough to allow of sag in the 

slack side, which should run on top. This improves the 

area of pulley contact and lesst-Tis the tension required to 

prevent slipping. 
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SPARKIXG. 

63. Sparklnpr at the brushes may be due to any of the 
ffillowing causes : Too muck load ; brushes improperly set ; 
commutator rough or eccentric ; brushes making poor contact ; 
dirty brushes or commutator ; loo high speed ; sprung arma- 
ture shaft ; low bearings ; worn tomuiutalor ; short-circuited 
\^9r reversed armature coil ; high-resistance brush ; vibration ; 
\elt slipping : open-circuited ar mature ; weak field ; grounds. 



64. Too Mm-li Txiad. — In this case the armature heats 
EaH over. The sparking may be lessened but not stopped 
|:by shifting the brushes ahead on a dynamo and back on a 
P'tnotor. If the machine is a motor, the speed will be low ; if 
\ dynamo, the voltage will be lielow the normal amount. 
tin Iwth cases the pulley is apt to get warm through slipping 
f the bell. 
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65. Brushes Iniproperly Set. — Brushes may be out of 
their proper position in either of two ways: they may be 
the right distance apart but too far one way or the other as 
a whole; this can, of course, be remedied by shifting the 
rocker-arm back and forth until the neutral point is found. 
The brushes may, as a whole, be central on the commutator, 
but too far apart or too close together. Such a fault must 
be remedied by adjusting the individual holders. On two- 
pole machines the two sets of brushes are placed diametri- 
cally opposite each other. On four-pole machines having 
two sets of brushes, the distance between the centers of the 
two sets should be just one-fourth of the circumference of 
the commutator. On four-pole machines having four brushes, 
they should set on the quarter; the best and quickest way 
to get this set in position is to place two sets at diametrically 
opposite points, the two remaining sets then go half way 
between them. In any case, for all commutator machines 
that are not special, the distance between the centers of 
adjacent sets of brushes should be the total number of com- 
mutator bars divided by the number of poles. 

66. Commutator RoiiKl) or Eceentrle. — A com- 
mutator will become rough either as a result of abuse or as 
a result of bad selection of the copper and mica of which it 
is made. If the mica is too thick or too hard, it will not 
wear as fast as the copper and will stand out in ridges. If 
too soft, it will eat out and make a furrow between bars that 
will catch carbon or copper dust and create local short circuits. 
An eccentric commutator acts like a bent shaft and may be 
the result of faulty workmanship or the result of a hard 
blow. In either case it must be turned true, but before 
doing it be certain that the commutator is at fault and not 
the shaft. 

67. High or Low Bar.^ — A high or low commutator bar 
causes a clicking sound to be emitted whenever it passes 
under the brush. A high bar can often be removed with a 
file, but a low bar requires that the whole commutator be 
turned off. 
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^ff GS, Itriishei^ MHkins Poor Contact. — Poor brush con- 
tact may be due to any one of several causes. The brush may 
be stuck in the holder; the temper may be out of the tension 
spring; the brush hammer may rest on the side of the holder 
and not on the brush; the brush may not fit the surface of 
the commutator; the holder may have shifted to the wrong 
- angle. New brushes should be sandpapered to fit the com- 
Butator; the hammer should rest over the slot that guides 
pe brush, so that when the brush wears it will follow it 
Tension springs should be paralleled by a conductor 
:ached to the brush, so that the current will not flow 
■ough the springs and take the temper out of them. 

I 69. Dirty Brushes or Commutator, — Carbon brushes 
; liable to give out paraffin when hot, which, getting on 
lie commutator, insulates it in spots. The paraffin is also 
Ijible to mix with carbon dust and coat the brush with a 
Ion-conducting, sticky substance. A copper brush is apt 
3 get clogged with oil, dust, and threads of waste (waste 
should never be used on a commutator). Brushes should be 
kept trimmed and cleaned. Dirty commutators, as a rule, 
are the result of using too soft a brush. 

70. Too Iltsrh a Speed. — A machine is apt to spark if its 
speed is too high, because it interferes with the commutation. 

71. Sprung Armature Shaft. — A sprung armature 
shaft causes the commutator tw wabble, giving very much 
the same symptoms as an eccentric commutator, and great 

-care must be taken not to confuse a sprung shaft with an 
[eccentric commutator. 

73. Jjo-w Benrlngsi. — On some types of machine, excess- 
I ive wear in the bearings throws the armature far enough out 
t of center to distort the field and cause sparking. Modern 
fcjnachines intended to stand fluctuating loads are so designed 
P'Uiat there is no danger on this account. 

7.S. Worn Comniutator.— When a commutator wears 
down below a certain point, even if otherwise in good 
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condition, it seems inclined to spark in spite of everylhipg 
that can be done. It may be because the brushes then span 
more bars, because the bars become thinner as they wear away, 
or it may be because an error in the angle of the holder 
increases with the distance from the commutator. The eifect 
is most noticeable on some street-railway motors where it is 
almost impossible to run together two motors whose coin- 
mutators differ greatly in size. The brush holder should be 
kept as near the commutator as possible, as it not oalj 
enables the bars to be counted off more accurately, but it 
holds the brushes at a short leverage and prevents chattering. 

74. Hhort-C'lrcnlted or Reversed Armature Col!. 

Either of these faults will cause a local current to flow, with 
the result that either a dynamo or a motor will retjuire ao 
unusual amount i>S power to run it even when unloaded. 
The reversed coil can be located by sending current through 
the coils one at a time and holding a compass over them. A 
short-circuited coil can be detected by holding a piece of iron 
up to the head of the armature while it is running; there 
' will be a decided pulsation of the iron once each revolution. 
Also, a mdttir will run with a jerky motion especially notice- 
able at low speeds, and the voltmeter connected to a dynamo 
will fluctuate. Such a fault may be due to a cross in the 
coil itself "r (■■)nt:ut hftween two commutator bars. In 
either case, unless thf rrnr^s is r<-moved, the coil will burnout. 

7.'*. lll((li-l!cKlwlmu-»' Iti-tisli. — -Up to a certain jxiint, 
high resistance in a carlxm l.ni-h is a gO()d feature, and that 
is why they are used. Until is pussible to get the resist- 
ance so high that liif linish uJH spark on account of its 
inability to cany llir currerU ai tiio contact surface. Such 
a brush will g.'t v,:ry h.,t. ami will 1,^ slowly chewed off at 
the wearing' cn.l, 

7«. vrimui..!.. -.\ sh;iky (.nuuhaion will cause the 

whole TiULihitic u, vjhrai..' ,iiiii uill cah^^v it V> spark steadily, 
which fault can !)<■ nnu-di.'d only In placing the machine 
upon a iirnicr f.,undatiim. 
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77. Belt Slipping:. — A slipping belt will cause inter- 
mittent sparking because it subjects the machine to unusual 
variations in speed. 

78, Open-Circuited Armature. — By an open-circuited 
armature is meant a break in one of the armature wires or 
its connections. Excessive current mav burn off one of the 
wires or a bruise of some kind may nick a wire si> that 
the normal load or less burns it off. A commutator mav 
become loose and break off one or more leads. In anv case 
there are two very characteristic symptoms of an open- 
circuited armature: a ball of fire runs around the commuta- 
tor and the mica is eaten from between the bars to which 
the faulty coil is connected, the bars themselves becr>me 
dark, pitted, and burned on the edges. Sometimes, on 
account of abuse, the armature throws solder and all the 
commutator connections become impaired. In such a case 
there are no actual open circuits, but there are a series of 
poor contacts that result in making the commutator rough 
and black, pitting the bars and eating the mica. 

79. Weak Field. — A weak field may be due to a loose 
joint in the iron circuit, to a metallic short circuit in the 
field coils, to opposition of the field coils, or to the fact that 
heat has carbonized the insulation on the field coils so that 
the current short-circuits through it. Any of these influ- 
ences decrease the number of lines of force that cross the 
armature, with the result that the starting power of the motor 
is decreased, and the speed and current are increased. On a 
dynamo, the E. M. F. and the ability to pick up are decreased. 

80, Grounds. — On a metallic-return circuit, a single 
ground has no effect, but two grounds can so take ])lace that 
the whole or any part of the field or armature may be cut 
out; such a pair of grounds is nothing more nor less than a 
short circuit and it falls under that head. On a ground- 
return circuit, a ground anywhere e.vcept in the armature 
has, as a rule, but one indication: there is a flash and the 
armature burns out. 

//. S. IL—I5 
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AtTERN ATOK8 . 

81. The points given in regard to installing and hand- 
ling ihe parts of direct -current machines hold good in regard 
to alternators. On account of the higher voltages used and 
the peculiar nature of the alternating current, abrasion rf 
insulation through careless handling is apt to cause nun 
serious trouble than on the lower voltage direct -current 
devices. 

Alternating-current dynamos may be self-exciting nr 
separately excited. As a rule, on account of the flexibility 
of control they are separately excited from a direct-currcnl 
machine either coupled to the shaft of the alternator itself 
or run from an independent agent. In some cases the sepa- 
rate excitation is assisted by a current from the machine 
itself, this current being rectified by means of a commutator 
fixed on the shaft. The main and important advantage of 
separate excitation is that attendants are not called on to 
handle devices carrying the high voltage of the alternator 
in their ordinary duties of regulation. 

I'hictTiatioiis nf the voltage may be caused by slipping of 
ihc belt of the alternator or that of the exciter. This is 
"nc pi)int in f.ivor <if directly connected machines with the 
exciter oil tliL- M;inie shaft. All chance of fluctuation due lo 
ln-ll slip])int; on the exciter is then eliminated. As with any 
nllu-r se|i;tr;Lti--ly cxcilcd machines, the direction of rotation 
iif an alteriKitor is immaterial as far as generation is con- 
riTiK-d, but due regard must be had for the brushes on the 
rings and cnmnuitator if the machine has a rectifier. 

Where thrre are two or more alternators to be run in miil- 
ii]>I<: that are not e.viited from dynamos coupled to their own 
siiaftsi, it is a giM)d idea to e.toite them all from the same 
<lynamo. The exciting plant should consist of at least two 
like Tinits so wircil that cither can be used, which should be 
iisL-d alternately to insure that IhiiIi are kept dried out and 
in go<)d working order. Each alternator field can then be 
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Ibtrolled by means of a resistance box in series with it. 
Hiternator armatures are constructed along such simple and 
substantial lines that they give few of the petty troubles 
incidental to direct-current practice. Must nf the trouble 
lies in the exciter and its circuit, so that the service of the 
alternator as a whole is influenced by all the troubles likely 
to arise in any direct-current circuit. If the exciter is out of 
order, so is the alternator; if the exciter breaks down, so 
does the alternator, unless provision is made for quickly 
throwing in a second exciter. If the exciter belt slips or its 
brushes spark or either the iron or copper part of the field 
circuit is impaired, the voltage of the alternator goes down. 

Where the machine is alone on a circuit, it is started in 
the same way as any other isolated dynamo; it is brought 
up to speed, the field excited by closing the field circuit, 
and the voltage regulated with the field rheostat. To shut 
down, the same operations are gone through in the reverse 
order. Alternating-current machines have a great deal of 
self-induction; some of them have so much that even on a 
short circuit the current is not large enough to burn them 
out. On account of this great self-induction, a dynamo 
should not be unnecessarily subjected to violent variations 
in load. For example, if the circuit of an alternator is 
suddenly opened under full load, the high induced E. M. F. 
is liable to puncture the insulation and cause a breakdown. 



82, Altemators In Parallel. — When alternators are 
operated in parallel with one another, they must all run at 
such speeds that their currents will be in step with one 
another; that is, the several currents must vary in unison 
with one another, all the currents coming to their maximum 
values at the same instant. When this condition exists, the 
machines are said to be in synchronism ; and before one 
alternator is thrown in parallel with another, the attendant 
must make sure that the machine to be thrown in is in 
synchronism with those already in operation. This is 
usually indicated by synchronizing lamps or by a synchro- 
H^ing voltmeter. Some synchronizing lamps are connected so 
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that they go out when the machines are in step, while others 
are connected so that they light up. The attendant should 
always be sure as to just which way they are connected 
before he attempts to throw the machines in parallel. After 
the alternators are running together smoothly, their loads' 
are adjusted by varying the field excitation. 



TING-CmitENT MOTXmS. 

83. AltcmatinK-current motors call for the same 
general care as dynamos. Like all other dynamo machinery, 
they must be kept clean. Alternating-current machinery is 
generally operated at high pressure, and cleanliness is, there- 
fore, absolutely necessary. In stations, it will pay to pipe 
compressed air to the machines and use a strong blast for 
blowing the dust and dirt out of the windings, Most of the 
motors in common use are of the synchronous, or induction, 
type. 

84. Synchronous Motors. — These are the same in gen- 
eral construction as alternators. They are not intended to 
start up under load, but will run up to speed when con- 
nected to the line. In doing so they take a fairly large 
current, and in some cases, therefore, are brought up to 
synchronism by some outside source of power- — as, for 
example, a small induction motor — before being connected 
to the line. Synchronous motors are separately excited and, 
in fact, are almost the same throughout as a separately 
excited alternator. 

85. Induction Motors. — These motors are used for 
most work where the motor must frequently be started or 
stopped or where a good starting effort is required. In fact, 
they are used for about the same kind of work as ordinary 
direct-current motors. There is nothing about them that 
requires any special care, that has not already been men- 
tioned, after they are once installed. As a matter of fact, 
as they are inherently self-starting and have no commutator 
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to give trouble, they require fewer precautions and less 
judgment on the part of the operator than direct -current 
machines. At starting there is a tendency to permit an 
excessive flow of current; this not only strains the machine 
electrically, but on account of the great armature reaction, 
which weakens the field, the starting power is also decreased. 
The starting current is, therefore, limited by means of 
resistance. This resistance takes either the form of a 
stationary rheostat placed in the circuit of the armature 
through collector rings, or it is in the form of a resistance 
placed within the body of the armature and operated either 
by means of a lever operating a switch concentric with the 
shaft or automatically by centrifugal force. 

The direction of rotation of a two-phase motor can 
be reversed by reversing the leads of either phase; that of 
a three-phase motor by reversing any one of the phases, 
thereby reversing the magnetic rotation of the field. 

86, Many of the smaller sizes of induction motors are 
started by simply throwing in the main switch, but with 
the larger sizes, this gives too great a rush of current. 
When a starting resistance is used, it should be cut out 
rather slowly in order to give the machine time to gain 
speed. On the other hand, the starting resistance should 
not be left in too long, or there will be danger of overheating 
the motor. Never use a starting resistance for the purpose 
of regulating the speed. This applies to all motors, direct 
or alternating. Starting resistances are designed to carry 
current for a short time only, and if current is allowed to 
flow through them continuously they will be burned out. 

87. Another method of starting induction motors that 
is used considerably is by means of what is called a startlnir 
oompensntor. This is a device inserted between the 
motor field and the line, and serves to cut down the voltage 
applied to the motor at starting, thus preventing a rush of 
current. 

Fig. 2.3 shows the connections for one of these starting 
^compensators, A is a double-throw switch, B, B, B the 
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line wires, and C the motor. In this figure the arrange 
ment is shown for a three-phase motor. E, E, E are thi 
coiis wound on a laminated iron core similar to a tranS 
former core. For a two-phase starter only two coils : 
necessary. These coils are provided with a number of taps, 
so that the compensator may be adjusted for different start- 
ing requirements. The switch is shown in the starting 
position, and by following out the connections it will be s 
that one section of the coils is in series between the line 
the motor field. One circuit, for instance, may be traced from 
fii to s through m-n-o-p-rs, when the switches are in the 
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starting position. The E. M. F. developed in that portioi 
of the coil between / and the adjustable contact o opposes, 
and hence decreases, the line voltage and allows the motor 
to start up gradually. After the motor is under headway, the 
switch is thrown up to the running position and one circuit 
may be traced through ni-n-r-s. This cuts out the coils 
and connects the motor directly to the line. The operation' 
of starting usually requires about 15 seconds for motors of 
mwlerate sizes. Always be sure that the starting di 
no matter what kind it may lie, is in circuit with the motor 
before throwing the main switch. 
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TRANSFOnMERfi. 

Rotarj" trausformcrs, orconverlers,are used either 
It change alternating current to direct current or direct 
Tcnt to alternating. In most cases they are used to 
lange alternating current to direct current, and when used 
t change from direct to alternating, they are often called 

erte<l rotarles. 

iRotary transformers combine the features of both direct- 

"ent machines and alternators, but on account of their 

iculiar nature a number of special points come up in con- 

vith them that are not to be found with ordinary 

lirecl -current or alternating-current machines. The con- 

Kruction of the machine itself is very similar to that of a 

lirect-current dynamo. The armature is provided with a 

ftwinding in the same manner as the armature for a direct- 

inrrent machine and this winding is connected to a commu- 

The winding is also connected to collector rings, 

Which serve to deliver alternating current to the machine. 

For example, when the rotary is used for changing alter- 

lating current to direct current, the alternating current is 

into the armature winding by means of the collecting 

ngsand is commuted, or changed, to a direct current, which 

1 delivered to the lines attached to the brushes on the 

irect-current side. If direct current is supplied at the 

omrautator, it flows through the windings and is changed 

to an alternating current, which is delivered from the collector 

rings. Rotary transformers when talcing current from 

alternating-current lines run as synchronous motors, i. e. . 

they run in step with the generator that drives them and 

their speed cannot change unless Ihe speed of the generator 

changes. They may be run in parallel on either the direct- 

f current or alternating-current sides. 

Starting Rotary Transrormers.— There are a 
i number of different methods used for starting rotary trans- 
I formers, and the one adopted will depend very largely on 
I the conditions under which the machine is used. The 
' following are some of the methods commonly u; 
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(n) Starting from the Alternating-Current Side. — Whun 
the machine is tn be st.irted from the alternating-current 
side, the fields are left unexcited and the armature is thrown 
into connection with the line through a starting resistance. 
The machine then starts and runs up to synchronism, but 
in so doing takes quite a large current from the line. The 
machine starts as an induction motor by virtue of the cur- 
rents induced in the pole faces by the currents in the arma- 
ture. After the rotary has come up to speed, the field 
switch is closed. Another method is to have a small induc- 
tion motor connected to the shaft of the main machine. 
This motor is started from the line and runs the large 
machine up to synchronism. The large machine is then 
thrown in, and it can thus be started without using an 
excessive line current. As soon as the rotary is running, it 
excites its own fields from the direct 



(b) Starting from the Direet-Currcnt Side.—Wht^n 

rotary is already in operation in a station and it is desired 
to start up another, the simplest way is to start up the 
rotary as a shunt-wound direct-current motor by first see- 
ing that its fields are separately excited and then inserting 
a resistance in the armature circuit and gradually cutting it 
out as the machine comes up to speed, like any other direct- 
current motor. In many stations where storage batteries 
are used, the rotaries are started by using direct current 
from the batteries, because they furnish a source of direct 
current that is always available whether other rotaries are 
running or not. Another very good method for supplying 
direct current for starting or exciting purposes is to equip 
a station with a small direct-current dynamo directly 
connected to an induction motor. When starting a rotary 
, as a direct-current shunt-wound motor, always be s 
that the field is excited before connecting the armature, also 
see that under no circumstances is the field circuit broken 
while the machine is running as a direct-current motor. If 
the above happens, the machine will race, and cases are on 
record where rotary converters have been almost completely 
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wrecked from this cause. Of course, where the machine is 
run from the alternating-current end, it runs in synchronism 
.and the breaking of the field circuit will not result in racing. 
"On the whole, however, starting with direct current is the 
preferable method. 

(f) Starting from tlic Altrrnutor. — This method of start- 
ing rotaries can only be used in comparatively few cases. 
It consists in connecting the rotary to the line and then 
starting the alternator in the distant station from which the 
rotary is operated. As the alternator comes up to speed, 
so does the rotary. This is a good method where it can be 
used, and especially where the rotaries are of large size. 

(d) Another common method of starting is to have a 
small induction motor attached to an extension of the shaft 
of the rotary. This motor will start up readily when sup- 
plied with alternating current, and after it has brought the 
rotary up to speed it is cut out. 

90. HuntinK of Rotary Converters. — Sometimes 
rotary converters give a great deal of trouble due to what 
is known as hunting. The converter does not run uni- 
formly, but develops a periodic variation in speed that causes 
wide fluctuations in the direct-current voltage. Excessive 
Sparking is liable to result, and in some cases the effects have 
been almost as bad as a short circuit. This trouble has 
been particularly noticeable on converters made to operate 
at a fairly high frequency, say in the neighborhood of 
60 cycles per second. Rotary converters are now generally 
operated on the lower frequencies, such as 40 or 25 cycles 
per second. When a machine hunts, the field shifts back 
and forth across the pole pieces, thus changing the position 
of the neutral field and giving rise to very bad sparking. 
The governor on the engine driving the alternator may be 
responsible for the hunting in the first place, or it may be 
caused by variations in the load, or by the influence of other 
machines on the same system. Its effects can be remedied 
to a considerable extent by putting heavy copper t 
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between the pole tips and by surrountling the pole face 
with a heavy copper ring. If the field then shifts back 
and forth, it will set up heavy currents in tlie ring, or 
bridges, and these currents will tend to oppose any shifting 
of the field. 
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TESTING FOR FATTLTS. 

91. Many of the defects that are liable to arise in con- 
nection with dynamos and motors are, of course, apparent 
from a mere inspection of the machine. Other defects, 
such as short-circuited or open -circuited field coils, short- 
circuited or open-circuited armature coils, etc., must be 
located by making tests. Many of these tests have already 
been referred to, and the following is intended to show how 
they are carried out. For tests of this kind Weston or sim- 
ilar instruments are most convenient if they have the proper 
range for the work in hand. For measuring resistances, the 
drop-of'PolenSial nifthod is generally most easily applied. 
This method consists-in sending a known current through 
the resistance to be measured and noting the pressure be- 
tween the terminals of the resistance ; in other words, noting 
the pressure required to force the known current through 
the unknown resistance. The resistance may then be deter- 



mined at c 



! frc 



I Ohm 



i law, because C = jy, or R 



If the resistance to be measured is very low, as, for example, 
an armature coil, the voltmeter must be capable of reading 
low and a millivoltmeter (one reading to thousandths of a 
volt) will be best suited to the work. Of course, a good 
Wheatstone bridge may also be used for measuring resist- 
ances, but it is generally not as convenient to use around a 
station as the drop -of- potential method. 

92. Testing for Open- Circuited Field Colls — If a 

machine does not pick up, it may be due to the absence of 
residual magnetism. If any residual magnetism is present, 
a voltmeter connected across the brushes will give a small 
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«!tion when the machine is run up to full speed, so that 
kp'>int can easily be determined before a test is made for 
uken field coil. Examination of the connections between 
i various coils will show if they are defective or loose; 
Itc frequently the wire in the leads from the spools 
Stimes broken at the point where the leads leave the spool, 
the insulation remains intact, so that the break does 
I sho*v. This may be detected by '" wiggling " the leads. 
( the break is inside the winding of one of the coils, it can 
f be detected by testing each coil separately to see if its 
^uit is complete. This may be done with a Wheatstone 
idge or with a few ceils of battery and a galvanometer. 
low-reading Weston voltmeter makes a good galvanometer 

i for this purpose. 
f the current from another dynamo can be obtained, the 
Blty spool may be detected by connecting the terminals of 
B field circuit to the terminals of the circuit of the other 
ichine; no current will flow through if the circuit is 
p>ken, but if a voltmeter is connected across each single field 
1 in succession, it will show no deflection if the coil is con- 
Duous, because both poles of the voltmeter will be connected 
itheJi/wc side of the dynamo circuit. If the coil has a 
lak in it, one of its terminals will be connected to one side 
f the circuit and the other to the other side, so that a volt- 
meter connected between these terminals will show the full 
. M. F. of that circuit. Consequently, when the voltmeter 
B connected across a spool and shows a considerable deflec- 
bon, that spool has an open circuit which must be repaired 
jefore the dynamo can operate. 

This method of testing is represented by the diagram, 
Fig. 24 ; i, S, 3, and i represent the field coils of a four-pole 
Bynamo, there being a break in coil 2 at B. The terminals a 
land e of the field winding are connected to the + and — ter- 
ninals of a "live" circuit; that is, a circuit connected to 
I dynamo in operation. It will be seen that terminals a 
md b of coil 1 are both connected to the -)- side of the 
uircuit, and as there is no current flowing through the 
rcuit, there is no difference of potential between a al 
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therefore, a voltmeter connected to a and d, as at J', will 
show no deflection. But terminal f of coil 2 is connected to 
the — side of the circuit; 
so a voltmeter connected 
to d and f, as at I',, will 
show a deflection, and, in 
fact, will indicate the dif- 
ference of potential be- 
tween a and e. 

The above test may be 
roughly made with a bit 
of wire long enough to 
span from terminal to ter- 
minal of a coil. If one 
end of the wire is touched 
^"" ^ on a, for instance, and the 

other on ^, it will not aflfect the circuit ; but if it is touched on 
the terminals of the coil in which the break is located, the field 
circuit will be completed through the bit of wire, and a spark 
will occur when the wire is taken away. The wire should 
not be allowed to span more than one coil at a time, other- 
wise it may short-circuit so much of the field winding that 
too great a current' will flow. 




93. Short-CIreiilted Field Coll.— It is evident that if 
the windings of a field coil become short -circuited, either by 
wires coming in contact or by the insulation becoming car- 
bonized, the defective coil will show a much lower resistance 
than it should. The drop of potential across the various 
field coils should be about the same for each coil, so that if 
one coil shows a much lower drop than the others, it indi- 
cates a short circuit of some kind. 



94. Test for Grounds Between Wlndlnjc and Frame, 

After the machine has thoroughly warmed up, it should 
be tested for "grounds." or connections between the wind- 
ing and the frame or armature core. This may best be done 
with a good high-resistance voltmeter as follows: While 
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machine is running, connect one terininul of the 
■oltmeter to one terminal of the dynamo, and the other 
ierminal of the voltmeter to the frame of the machine, as 
represented in Fig. 25, where T and 7~, are the terminals of 
he dynamo, and V and f'", two positions of the voltmeter, 
©nnected as described above. 

If in either position the voltmeter is deflected, it indi- 
ates that the field winding is grounded somewhere near the 
ither terminal of the dynamo; that is, if the voltmeter at 
' shows a deflection, the machine is grounded near the 




termthal 7",, and %'ice i-ersa. If the needle shows a deflec- 
Vtion in both positions, but seems to vibrate or tremble, the 
larmature or commutator is probably grounded. If in either 
F case the deflection does not amount to more than about j'j 
I the total E. M. F. of the machine, the ground is not serious, 
I but if the deflection is much more than this, the windings 
b-should be examined separately, the ground located, and, if 
I possible, removed. 

■ 95. To locate the ground, if thought to be in the field 
I 'Coils, each coil should be disconnected from its neighbor 
f (with the machine shut down, of course) and "tested out" 
I by connecting one terminal of another dynamo (or r' 
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" live " circuit) to the frame of the machine, care being 
taken to make a good contact with some bright surface, 
such as the end of the shaft or a bolt head, and the other to 
a terminal of the coil to be tested, through a voltmeter, as 
represented in Fig. 26. 

Here C and CT, represent the terminals of a " live" circuit, 
which should have a ditference of potential between them 
about equal to the E. M. F. of the machine when it is in 
operation, but not greater than the capacity of the volt- 
meter will allow of measur- 
l^ „ ing. 'f and T^ represent the 
terminals of the dynamo, as 
before, and / and./,, the ter- 
minals of the field coils, which 
have been disconnected from 
each other and from the 
dynamo terminals. One ter- 
minal C of the circuit is con- 
jiected to the frame of the 
machine; the other terminal 
C", of the circuit is connected 
through the voltmeter V to 
coil. If that coil is grounded, 
deflection about equal to the 
but if the insulation is intact. 
The wire connecting the 




: field 



the terminal /, of the 
the voltmeter will show a 
E. M. F. of the circuit C C„ 
it will show little orno deflectio 
voltmeter with the terminal t^ may be connected in suc- 
cession to the terminal of the other coil, or coils, and to the 
commutator; any grounded coil of the field or armature 
winding will be shown by a considerable deflection of the 
voltmeter needle. 



96. If the machine tests out clear of grounds, it should 
be shut down after the proper length of time and the 
various parts of the machine felt over to locate any excessive 
heating. If accurate results are wanted, thermometers 
should be used, placing the bulb on the various parts (arma- 
ture, field coils, etc.) and covering it with a wad of waste 
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or rags. They should be looked at from time to time 
until it is seen that the mercury no longer rises, when the 
oint to which it has risen should be noted. A thermometer 
hung on the wall of the room wil! give the temperature of 
the air, and the difference between the air temperature and 
that of the various parts of the machine should not exceed 
the prescribed limit. 

97. Test for Defects In Armature (Bar-to-Bar 

Xest). — Faults in armatures may best be located by what is 
known as a iMir-to-bar tost. This consists briefly in sending 
a current through the armature {in at one side of the cim- 
mutator and out at the 

I opposite side) and 

I measuring the drop 

[ between adjacent bars 

I all around the commu- 

I tator. If the armature 

. has no faults, the drop 
from bar to bar should 
be the same fnr all the 
bars. The connections 

I for this test are shown 

I in Fig. 27. £ is the line 

I from which the current 
for testing is obtained 
and L B 3, lamp bank 
by means of which the 
current flowing through 
the armature may be 
adjusted. Connection 
is made with the com- 
mutator at two opposite 
points A, B. A con- 
tact piece, or crab, C 
is provided with two 

spring contacts that are spaced so as to rest on adjacent 
bars. These contacts are connected to a galvanometer, c 





IOmeter, <x^L 




If tli- ■-.uV.i'X. I 



ne armaiure l> 
t;j1I current will givt 
■I I'.'W resistance, a 
.e 'iperator runs over 
h-; >tandard deflectii.n 
■v-ii'^ns with this. In 
...rt. he will find when 
. in deflection. 
; i-. easily seen that a 
tluiii thi; standard will 
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be obtained, because two coils are connected between S and 
k in place of only one. When on ^ and d, the deflection of 
the voltmeter, or galvanometer, would reverse, "because the 
leads from K^ S, and W are crossed. The deflection would 
not be greater than the standard, because only one coil is 
connected between ^ and .5. Between -i and d a large 
deflection will be obtained for the same reason that a large 
one was obtained between S and 4- Between (i and 7 little 
or no deflection will be obtained, because coil 7 is here repre- 
sented as being short-circuited and, hence, there will be little 
or no drop through it. As C is moved around on the lower 
side, no deflection will be obtained until bars 15 and Hi are 
bridged. There will then be a violent throw of the needle, 
because the voltmeter will be connected to A and B through 
'he intervening coils. When C moves on to lit and 11, there 
will again be no deflection, thus locating the break in coil T. 
As a temporary remedy for this, bars /■? and ifi may be 
connected together by a "jumper" or piece of short wire. 

99. If any of .the coils have poor or loose connections wilh 
the commutator bars, the effect will be the same as if the 
coil had a higher resistance than it should and, hence, the 
galvanometer deflection will be above the normal. In prac- 
tice, after one has become used to this test, faults may be 
located easily and rapidly. It is best to have two persons, 
one to move Cand the other to watch the deflections of 6". 

100. lAMTtktliiK Short-CIrculteil Armature Colls. 
Where there are a large number of armatures to be tested, 
as, for example, in street-railway repair shops, an arrange- 
ment similar to that shown in Fig. 2» is very convenient 
for locating short-circuited coils, vj is a laminated iron 
core with the polar faces b, b (in this case arranged for four- 
pole armatures). This core is wound wilh a coil c that is 
connected to a source of alternating current. The core is 
built up to a length </, abtjut the same as the length of the 
armature core. The core A is lowered on to the armature, 
and when an alternating current is sent through c an alter- 
cating magnetization is set up through the armature coils. 

H. S. U.—I6 
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pine plank, with tongued-and-grooved joints that should bcl 
leaded to make them tight, the whole being held togethe^.l 
by cross bolts, as represented in the figure. 

Two iron rods R, R are placed across the top of the tank, 
to which are attached the terminals of the dynamo circuit, 
as represented at II'', II', From these rods two iron 
plates /*, P are hung, which should have about 3J or 4 square j 
feet of surface (on one side) below the water level. Tl 
plates may be made of a couple of pieces of old boiler p 




or heavy (^-inch or thicker) sheet iron, cut with two pro- 
jecting lugs on the top, which are bent into hooks by which 
the plates are hung from the rods R, R. Cast iron will do 
equally well; two old ash-pit doors, for example, will make, 
very good plates, the rods being passed through the holes 
for the hinge pins. When ready for use, the tank should 
be filled with water, and from 5 to 20 pounds of rock 
salt or washing soda added to reduce the resistance to the 
required figure, as water alone will give altogether loo high 
a resistance. 
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NATURE OF HEAT. 

All modern scientists and investigators agree that 
s iiforiii of iHcrgy. It is conceived to be a motion of 
molecules composing matter. All matter is composed of 
lolecules. which, according to the generally accepted theory, 
not in a state of rest, but are movin'g or vibrating back 
forth with a greater or less velocity. It is this move- 
ment of the molecules that is generally believed to cause the 
sensations of warmth and cold; if the motion is slow, the 
body feels cold; whereas, if the motion is rapid, the body 
feels warm. Since a body in motion has kinetic energy 
and since the molecules composing matter are supposed to 
be in motion, each molecule possesses kinetic energy; 
hence, we can conceive heat to be a form of energy. 

2, Temperature is a term used to indicate how hot or 
cold a body is; i. e-, to indicate the velocity of the vibra- 
tion of the molecules of a body. A body having a high 
temperature is said to be hot ; a body having a low tem- 
perature is said to be cold. When a body, as, for e.tample, 
an iron bar, receives heat from any source, its temperature 
rises; on the other hand, when a body loses heat, its tem- 
perature falls. 
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The temperature is not a measure of the quantity of heat 
a body possesses. Temperature may be considered to be a 
measure of the velocity with which the molecules of a body 
vibrate to and fro, while the qitantity of heat may be con- 
sidered to be the kinetic energy of the molecules composing 
the body. A small iron rod may be heated to whiteness 
and yet possess a very small quantity of heat. Its tempera- 
ture is very high, but this simply indicates that the molecules 
of the rod are vibrating with an extremely high velocity. 
An iron ball 1 foot in diameter and an iron ball 1 inch in 
diameter may have exactly the same temperature, but the 
larger ball would have by far the greater quantity of heat. 

3. The Thermometer. — Temperature is measured by 
an instrument called the thermometer, which is so famil- 
iar as to scarcely need description. It consists of a thio 
glass tube, at one end of which is a bulb filled with mercury. 
Upon being heated, the mercury expands in proportion to 
the rise of temperature. Thermometers are graduated in 
different ways. In the Fahrenheit thermometer, which is 
the one generally used in this country, the point where- the 
mercury stands when the instrument is placed in melting 
ice is marked 32°. The point indicated by the mercury 
when the thermometer is placed in water boiling in the open 
air at the level of the sea is marked 212°. The tube between 
these two points is divided into 180 equal parts, called 
degrees, 

4. Effects of Heat. — Suppose we take a vessel filled 
with some substance, say water. Let the vessel be a cylinder 
fitted with a piston, as shown in Fig. 1. The water is, 
say, at the freezing point, and the millions of molecules 
composing the water are moving to and fro with a conr 
paratively small velocity. Place the vessel over a fire or ] 
furnace. Heat is communicated to the molecules of water, 
and they begin to move faster and faster. That is, their ] 
kinetic energy increases, and if a thermometer is inserted 1 
in the vessel, it will be found that the tcmiierature of the | 
water rises. Consequently, one effect of heat is to raise the '\ 
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temperature of the body to which it is applied. But, pfter 

reaching a certain temperature, the molecules of the water 

not only move faster, but they move farther from each 

other, and their paths are longer. It is 

plain that if the molecules are farther 

apart than they were originally, the whole 

bixly of them must take up more space. 

In other words, after reaching a certain 

temperature, the water expands as heat is 

added. Hence, another effect of heal is to 

cause Ixidies to expand. Common examples 

of the expansion of bodies by heat are se 

in the setting of tires, the expansion of the 

ntits of a railway in summer, etc. 

5. The heat supplied to the vessel of 
water has so far done three things: (1) It 
has raised the temperature of the water 
and thus has increased the kinetic energy 
of the molecules. Let the amount of heat 
expended for this purpose be denoted by S. (2) A certain 
quantity of heat has been used in expanding the water, 
that is, in pushing the molecules farther apart against the 
force of cohesion. Denote the amount of heat so expended 
by /. (3) Since the water expands, it must raise the pis- 
ton P against the pressure of the atmosphere, and conse- 
quently more heat must be used to expand the water than 
would be required if there were no pressure on the upper 
side of the piston. Call this extra quantity of heat 11'. 

If we denote by Q the total quantity of heat given to the 
vessel of water, we have 

Ordinarily, the greater part of the heat given to a body 

is spent in raising its temperature, and but little is used in 

expanding the body. That is, the quantity .S is nearly equal 

to the quantity Q, while the quantities / and J( ' are extremely 

■ small. 
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6. Suppose that the piston in Fig. 1 is removed frnmiht 
cylinder, so that the water will be in contact with the atm«- 
phcre, and that a thermometer is inserted. As the watet 
becomes more and more heated, the temperature indicated 
by the thermometer will rise until it reaches 'Hi". So tar. 
most of the heat has been used to raiae the temperatureol 
the water. But now, no matter how much heat is added W 
the water, the mercury stands at 213°, and cannot be made 
to rise higher. This is the reason; When the temperature 
reaches 212° the molecules of water have been set into such 
rapid motion that the force of cohesion is no longer able to 
hold them and they tend to separate. In other words, the 
water changes to a gas {steam), and all the heal is being 
used to effect this change. The temperature of the steam 
will remain at 212" until all water is changed to steam; then. 
if more heat is applied, the temperature of the steam nill 
begin to rise. 

7. Again, suppose we lake a block of ice at a tempera- 
ture of, say, 14° and heat it. If a thermometer is placed 
in contact with the ice, the mercury will rise until it reaches 
3'i° and will then ri'main stationary. As soon as this tem- 
peraturc is readied, tlic h-c begins to melt or change tn 
water, and the heat, instead of raising the temperature 
fartlier, is all usv>\ to effect this change of state. Here, 
then, is another cffcit jinHhiced by heat. It will change a 

8. Suniuinry. — Hy a Miiily 'if tlie results of applying 
heat to ihe suiistances that have just been considered, we 
see that llie efl'eets «( licat most r<immonly observed are: 
(1) It increases the rale of motion uf the molecules, an effect 
that is indiealed by an increase in temperature. (2) It 
increases the lengths i.f the paths of. and the distance 
between, the molecules, thus causing the body to expand and 
till a i;reater s]iaie. (:!) It nvennmes the attractive forces 
that lend to hold the nioleeules <>t" a substance together, 
and lluis changes it from a solid tn a liquid or from a 
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liquid to a gas, according to the state it was in when the 
heat was applied. 

The second statement of the summary, while generally 
true, is subject to exceptions, the most notable one of 
which is water, which in rising from a temperature of .32° 
Fahrenheit to a temperature of 39. a° contracts instead of 
:pands. 

9. Litt^iit Heat. — The heat that is expended in chan- 
ng a body from the solid to the liquid state or from the 

liquid to the gaseous state is called latent heat. The por- 
1 of ihe heat applied that raises temperature and that, 
refore. affects the thermometer is sometimes called sen- 
sible heat. 

10. Measurement of Heat. — Since heat is not a sub- 
stance, it cannot be measured directly in pounds or quarts, 
but, like force, it may be measured by the effects it pro- 
duces. Suppose that a certain quantity of heat raises the 
temperature of 1 pound of water from 52° to 53" Fahrenheit. 
It will take the same quantity of heat to raise that pound 
from 53*^ to 54°, and therefore it will take nearly double 
that quantity to raise the temperature of 1 pound of 
water from 53" to 54°. The unit quantity of heat is the 
quantity required to raise the temperature of a pound of 
water from Hi" to 63°. This unit is called the British 
thermat unit, and is commonly abbreviated to B. T. U. 

11. For temperatures above 6.3", it takes slightly more 
than 1 B. T. U. to produce a change of 1 degree in 1 pound 

of water — the difference increasing the farther the tempera- 
ture is from 63°. For temperatures below (53", it takes 
slightly less than 1 B. T. U. to produce a change of 1 degree 
in 1 pound of water; and, as before, the difference is greater 
the farther the temperature is from 02". Thus it will take 
more heat to raise the temperature of 1 pound of water 
from 75° to 7G" than it will to raise it from 74" to 75°. Like- 
wise, it will take less heat to raise the temper 
1 pound of water from 42" to 43° than to r 
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-. the §101 II Bu beCwwn the actnal B. T. V 
vaad the ^iamity of heat l e qiur c d to chanp 
e a# I pa^id at water 1 decree for ut otbcr 
■a lad that, for all ordituuy purpases. it 
■•f he ai^Hctf that it takes I R T. U. to pmdim a dungc 
«f t de^Re 9B The lenperatnre of 1 pctood of water for d 
tespoatiBis that we are lifcclr to meet hi practice. 

IC U^mUam Bwiwvui Oe«t aBd Worlc. — Sappose tbit, 
is the tifUi M LM Atama in F^. I. the piston had bnii 
aOowed to rcsain in the crlinder while the water was bnng 
cha nged to steam. Steam at Hi' occupies nearly 1.700 time* 
the space that the water ongioallr occupied. Hence, Uk 
(NHoa wonld be lifted in the c^'linder to give room for il» 
tuaau that was bciag formed. But to raise the piston 
reqaiKs work. Here, then, is an example of woric being per- 
binDed bf heat. On the other haiMi. work will pnxfuce beat 
U two blocks of wood are nibbed briskly together, they tnll 
becoine warm, and may even ignite. The work done in over- 
coming friction causes the journals and bearings of fatt- 
running machines to beat. A small iron rod may be healtd 
I'j redn-r^i M j>/unding it on an anvil. 

13, Since work may be changed into heat and heat imo 
work, it set-ms prubable that there is some fixed ratio between 
the unit "i heat (B, T. L'.) and the unit of work, the font 
piiind Ry a series of careful experiments. Dr. Joule, of 
England, discovered this ratio. 

He f<)und that 1 B. T. U. is equivalent to 772 foot-pounds; 
latt-r and more careful e.\periments show that 778 foot- 
[Wiunds is more nearly correct. This number, 778 foot- 
pounds, is called the mechnnlcal equivalent of I B. T. V. 

We have, then, the foilmving important law; //ftif vm 
hi- thaugid tc work or work to luat; US foot-pounds of work 
ore required to produce I B. T. V.; and, conversely, the 
expenditure of 1 B. T. ('. produces 77S foot-pounds of work. 

ICxAMi'LK l.~The burning of I pound of coal gives out sutficlenl 
luMt In r,iise 14,0(M) pounds of waler fr.im Hi to 03=. If all this heat is 
utilized, how high will it lift a wL-iKht of TIKI |K.unds ? 



Solution.— Since 1 B, T. U. raises the temperature of 1 pnund of 

Iter frum 63' to 63', it requires U.OOO B. T. U. to raise 14,000 pounds 

of water from 82' lo 03' ; hence, the burning of I |«nind of coal gives 

Hit 14.000 B. T. U. One B. T, U. is equivalent to 7TS foot-pounds; 

letice. 14,000 B.T. U. are equivalent to 14.000 x 778= lO.SW.OOO foot- 

jounds. Then, the height to which the weight can be raised is 

10.892.000 -^ 700 = 15.560 ft. Ans, 

Example 3, — A cannon ball weighing 60 pounds moves with a 
relocity of 1,300 feet per second. Suppose the ball were suddenly 
(Oopped and ail its kinetic energy changed into heat, how many B. T. U. 
would be developed ? If all this heat were applied to 100 pounds of 
IVater at a temperature of 60°, to what temperature would the water be 

IV i'' 
SoLtrrios. — The kinetic energy of the cannon ball is ^-~ 
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^Msf^ " ^■■''"8.492 foot-pounds. But 778 foot-pounds = 1 B.T- U. 
Therefore, the number of B. T. U. developed ia 1,570,402 -i- 778 

2,026.3 B. T. U. Since 1 B. T. U. raises the temperature of 1 ponnd 

water 1 degree, it will take 100 B.T. U. to raise 100 pounds of 

water 1 degree. Hence, 2,026.3 B. T. U. will raise 100 pounds of water 

S.026.3 -1-100 = 20.26 degrees, and the Hnal temperature of the water 

will be 60° + 30,38' = 80.2B\ Ans. 

14. epeclflc Heat.— One B. T. U. raises the tempera- 
ture of 1 pound of water 1 degree; will it have the same 
effect on a pound of mercury ? Heat two 1-pound iron balls 
to the temperature of boiling- water. 'Hi"; having now the 
same weights and temperatures, each ball has the same 
quantity of heat. Place one of these balls in a vessel, into 
which slowly pour enough water having a temperature of 
60° so that the iron will be cowled to 70° while the water is 
heated to the same temperature. Now place the other hot 
ball in another vessel, into which pour mercury having 
a temperature of 60°, until the iron and mercury reach a 
common temperature of 70°. In each case the hot ball will 
have been cooled from 212° to 70°, and therefore each will 
have given up the same quantity of heat. When, however, 
we consider the effects produced by the heat, we find that 
what has been given off by one ball has raised nearly 1.<i1 
pounds of water 10 dt-grees; that given off by the other ball. 



8 HEAT AND STEAM. |11 

which, it will be remembered, is ihe same amount 3 
the first case, has raised 48.5 pounds of mercury (or nearly 
30 times more mercury than water) the same number c! 
degrees. It is plain, therefore, that to raise 1 pound of met 
cury from 62° to 63° requires 3", the heat necessary to raise 
I pound of water from 63° to 63°. Hence, we say thr 
specific heat of the mercury is ^ or .0333. 

1 5. y'Ai- specl tic lifBt 0/ a body is the ratio betu-tfrn tit 

quantity of heat required to warm that body "/ dfgrre andlhi 
quantity of heat required to warm an equal ik'eight of ^mI/t 
1 degree. 

BXAUPLB 1.— It is found that to raise the temperaliire of 2fl poundt 
of iron from 63" lo 63' requires 3.276 B. T. U. What is the specific 
heat of iron 7 

Solution. — To raise 20 pounds of water from 63° to 63" reqnirt* 
M B. T. I'. The specific heat of the iron is, according to the aUive 
definition, the ratio between the quantities of heat required toniw 
the temperature of the iron and the water, respectively, through 
1 degree, that is, it is the ratio 3.378 ; SO = S.278 -t- 20 = .1138. Ans. 



Si>t,iTiii\.— Til raise the temperature of I pound of water 1 degree 
ri-iiuircs I H. '1". I". .Since the sivecific heat of silver is .aiT. only 
.iCiT H. T. V . is rec]iiired in raise 1 pound of silver 1 degree. Hence, 
\a raise Si iwniniis of silver 10 degrees must require .057 X 32 X 10 
= ISo4 H, T- r, .\ns. 

Tlulo \.-~'r,' fiiui tlu- nuutlH-r of B. T. V. required to rais( 
tin- tnnp.raturi- ,f „ hv,ly a i^ivni number of degrees, multi- 
ply the sfeeij!,- luut if the body br its loeig/tt in pounds aiiJ 
by the uuud'rr of degrees. 

Di-noie till- niinilRT of H. T. U. re.iuired by^'; the specific 
hriU liy ,■; tli(^ wfinlit by M '; :ui<l 1ft / and /,, respectively, 
be the leni])erimir(*s lii-fuic ami after the heat is applied. 
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Substance. 


Specific 
Heat. 


Substance. 


Specific 
Heat. 


. 


1.0000 
.2026 
.1138 
.0951 
.0570 
.05(52 
.0333 
.0314 


Ice 

Steam (superheated). 




Uphur 








>PPer 










in 


Carbon monoxide 

Carbon dioxide 


.3479 


^d 











16. Latent Ileal of Fusion. — This term is applied to 
the quantity of heat required to change a pound of a given 
substance from the solid to the liquid state. The only case 
of interest to the engineer is the heat required to change 
1 pound of ice to water. Careful experiments have shown 
that about 144 B. T. U. are required to change 1 pound of 
ice at 33" to water at 32". Hence, the latent heat of 
water is 144 B. T. U. 

rl7. The latent heat of steam is the quantity of heat 
■required to change 1 pound of water at a given temperature 
into steam at the same temperature. Experiment has shown 
that at a temperature of 212° this quantity of heat is about 
SOi; B. T. U. This means that the heat required to change 
1 pound of water at 212° to steam is yno times as great as 
the heat required to raise the temperature of a pound of 
water from 112° to 63°. The latent heat of steam is different 

, for different temperatures, as will be seen by referring to 

Ithe Steam Tables. 



EXAMPLB.- 



SoLiTTioN. — To raise the temperature of the ice from IS' to 
citing teraperalure) requires, according to rule i. 




iny B. T. U. are required to change B pounds of 
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To change the ice to ■ 
144 X 5 = 720 B. T. U. 
from rule 1 



:r requires 144 B. T. U. for e 



212' requires. 



X (212 - 32) = 5 > 



I 



Finally, to change the water U> steam requires t«0 B. T. V. per 
pound, or 986 x 5.= 4,830 B. T. U. Therefore, in all. 42,84 + 720 + BOO 
+ 4,830 = 6.482.84 B. T. U. are required. Ans. 

Expressed in foot-pounds, the work required to effect the 
above change would be 6,-i92.8i X 778 = 5,(151,429.5 foot- 
pounds, or work enough to lift a weight of 1,000 pounds 
nearly a mile. 

18. Since a pound of ice requires 144 B. T. V. to change 
it to water, it follows that when a pound of water at d'i" 
changes to ice (freezes), 144 B. T. U. are given out in the 
process. Similarly, the condensation of a pound of steam 
into water at 212° liberates %(i B. T. U. This principle is 
applied in heating buildings by Steam. The steam passes 
through the radiators and condenses. The latent heat thus 
set free warms the building. 

19. Temperatures of Mix t tiros.— It is often desirable 
to calculate the final temperature of a mixture of different 
substances at different temperatures. The following law is 
to be observed in such cases: 7'/fe quaniityof heat in a mix- 
ture is the same as the quantity of heat foniained in the sub- 
stances before being combined. If two substances of different 
temperatures are placed together, they both finally attain 
the same temperature; the heat lost by one in coming from 
a higher to a lower temperature is gained by the other in 
passing from a lower to a higher temperature. 

Itnle 2. — To find the temperature of a mixture of sex'cral 
substances, multiply together the weight, specific heat, and 
temperature of each substance separately and add the prod- 
ucts. Next multiply together the weight and specific heat 
of each of the substances separately and add these products. 
Divide the former sum by the latter. The result -jjHI be the 
temperature of the mixture. 
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Example. — 15 pounds of water at 42* and 30 pounds of mcrrnnr at 
70' are placed in the same vessel, and a ball of lead veigfaing 19 pr/unds 
and having a temperature of 110' is immersed in the mixture. Whitt 
is the final temperature of the contents ? 

Solution. — Applying rule S, the product of the weight. «"pecifk 
heat, and temperature of the water is 15 x 1 X 42 = 630; (»i the mer- 
cury. 30 X .0333 X 70 = «9.93; of the lead. 19 X .0»14 X HO = ^JiHf, 
and the sum is 630 + 69.93 + 65.626 = 765.556. 

The product of the weight and specific heat of the water is 15 r 1 
= 15; of the mercury. 30 X .0333 = .999; of the lead. 19 y .^«14 = 5«6: 
and the sum is 15 4- .999 4- .5966 = 16.5956. Then, the temperature '^f 
the mixture is 765.556 -s- 16.5956 = 46.13'. Ans. 

20« A particularly important case is the mixture of 
steam and water. Let U^ and /, represent the weij(ht and 
temperature of the steam and let w and / represent the 
weight and temperature of the water. Let /"repre^^nt the 
final temperature of the mixture and L the latent heat of 
the steam at the given temperature. Then, the tem[>era- 
ture of a mixture of steam and water mav \jt found bv 
means of the following rule : 

Rule 3. — IVAen steam and water are wixcd, the steam con- 
denses. To find the final temperature of the viixture, add 
the latent heat and the temperature of the stcain and multi- 
ply this sum by the weight of the steam. Tn this product 
add the product of the weight and temperature of the 7cati r 
and diinde the sum so obtained by the sum of the z^'cijrhts of 
the steam and water. The quotient will be the temperature 
of the mixture. 

Or W{L + t^^7,t 

In the case of a mixture of water and steam, it is to Ix! 
observed that the temperature of the mixture ran n(*ver \hi 
more than the temperature of the steam, no matter whethttr 
the mixture takes place in an open r)r a closed vessel. The 
reason for this is to be found in the fart that after th(r 
steam has heated the water to its own temperature, there 
can be no further giving up of heat, since in order that heat 
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may pass from one body to another, there must be a differ- 
ence in the temperature of the two bodies, the heat passing 
from the hotter body to the colder one. The only way in 
which heat can be made to pass from a colder to a hotter 
body or from one body to another one at an equal lempera- 
ature is by the expenditure of work; but as this condition 
does not ordinarily exist in the case of steam and water 
being mixed, it follows that the temperature of the mixture 
can never exceed that of the steam. 

Whenever rule 3 gives a temperature in e.tcess of that of 
the steam, it is an indication that the quantity of water mixed 
with the steam is not sufficient to condense all the steam, 
and consequently the given temperature of the steam (in 
case of a closed vessel) or the leniperalure of the steam cor- 
responding to the existing atmospheric pressure (in case of 
an open vessel) should be substituted for the temperature 
given by rule 3. 

Example.— If S pounds of steam at 312' are run into a barrel con- 
taining 300 pounds of water at 43°, what will be the linal temperature ? 

Solution. — The weight of the steam Jf = 8 pounds; the latent 
heal L-W6KT, U. ; the temperature /, = 313'. The weight of the 
water w ~ SfM) pounds; the temperature ( — 43^ Hence, from rule 3, 
the final temperature is 

8 X (8g6 -I- 3121 -)- ano X 4 3 _ ™„, = . 



KXAMl'LES FOit PRACTICE. 

1. A body weighing 143 pounds falls 62 feel. If the energy of the 
body at the end of the fall is changed into heat, how many B. T. IT. 
will be developed ? Ans. 11.89 B, T. U- 

2. An expenditure of 210 B. T. U. per minute will develop how 
many horsepower ? Ans. 4.85 H. P. 

3. If ^ the total heat in the coal is used in doing work, how many 
pounds of coal must be burned per hour to run a 40-horsepower 
engine ? Each pound of the coal gives out 13,500 B. T, U. 

Ana. 52.8 lb. 

4. A bar of iron weighing 30 pounds and having a temperature of 
S(W° is plunged into a tank containing 130 pounds of water at 5a'. To 
what temperature will the water be raised 7 Ans, 60". 
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BUGGBETIOH, — Each pound of ice requires 144 B. T. U. to n 
"■ pound uf steam in changing to water at 32° gives up 
- 82) = 1,148 B.T. U. 

How many B. T, U. are required t 
■.pounds of copper from 57' to B8^ ? 

Pour pounds of a certain substance at a temperature tif 212° are 
pted with 1 pound of water at 50"; the specific heat of the substance 
lug .03125, what is the resulting temperature of the n 



re. How many B. T. U. are r 



US' are run into a lank c 

ill be the final temperature of the 

Ans. 105,ir. 



PBOPEHTIEa OF STEAM. 

21, Steam is wafer vapor ; that is, il is water changed 
into a gaseous slate by the application of keat. 

The process of changing water (or other liquid) into vapor 
by means of heat is called evaporation or vaporization. 

When an open vessel containing water is placed in con- 
tact with fire, the air contained in the water is first driven 
oft and escapes from the surface. The water in contact with 
the part of the vessel nearest the fire first receives the heat 
and expands. Its specific gravity is reduced; that is, it 
becomes lighter than the cooler water above it, and it rises 
to the surface, cooler water taking its place. In this manner 
the water keeps up a circulation until it reaches a tempera- 
ture of 312°. At this stage the molecules nearest the fire 
^ attain such a velocity of vibration that they rise through 
iter above them, overcome the pressure of the air, and 
in the form of a gas. When this occurs the water_ 
toils. 
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33. Prr<>«<iire And Teinpemtun>. — It U ( 

the pressure on ihe surface of the water is mireMBU' 
lake more work lit force the muteculcs to the <uri«-. t 
U, more heat most be given to the water to nuhHU 
and therefore the boiling jioint will be raised- Well 
seen that water exposed to the alraospheric | 
14.1 pounds per sqnnre inch boils at a temperature oi fl 
If the pfe*»iin; is increased to, say, 3i pounds pcrx 
in<:h, the water will not boil until it reaches a I' 
of 354"\ On the other band, if the pressure is In* 
pounds per square inch, the water boils at 170*. Haict,wl 
have the following law: 

An incrtasr of prrssure <m the surface of a iu/uiii Ttm I 
rAf bitt/ing fotHt; a tUcrrase of pressure lowers the & 
point. 

iSS. StiiiimK^I Wlwim. — Steam in contact with waieiis I 
called Hntiinilofl strniu. This is the condition of steam in 
a boiler. Steam at a given pressure is also 5;iiil tu be 
saturated when its tcm(>criiiure is the same as the tempera- 
ture at whirh water boils when subjected to the same prcssufe; 
this is true even though the stejim is entirely separated {nm 
water. According tu the law just given, the temt>eraturertf 
saliiratcd stiam depends only on the pressure. When the 
steam ill a boiler shows a gauge pressure of 60 pounds, its 
ti-nipt-ratiire must he 307". A thermometer placed in a boiler 
could be used ti> tell the pressure of the steam. It would be 
as accurate, tlumnh not as convenient, as a steam gauge. 

The reader is cautioned against the idea that saturated 
steam necessarily implies "wet "steam. It maybe perfectly 
free from water particles, but it is saturated if it is in any way 
in contact with water, so that the pressure and temperature 
are mutually dependent. In the steam boiler, for example, 
the space above the water, if viewed through a glass-covered 
upening, appears to be perfectly transparent, as though 
lillcd with air, provided the boiler is not working. This 
iliows that the steam that fills this space is perfectly "dry." 
Wlii'ii, however, the boiler is steaming rapidly, the violent 
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, may throw up a certain amount of water in the 
spray, that mingles with the steam, giving it the 
pearance shown in the exhaust from an engine. 
■*ti in this condition is " wet " saturated steam. 

4. In physics the word saturation, whence the term 
• Tutedsteam has been derived, has a meaning somewhat 
■Went from that commonly assigned to it. It there means 
sfilliogof aspace with vapor to that point where condensa- 
II begins. Then, we may say that saturated steam is 
am subjected to a pressure at which condensation isabout 
begin; that is, the slightest abstraction of heat or the 
;htest increase in pressure will cause part of it to condense, 
1 if the steam be separated from the water, the slightest 
lition of heat will cause it to become superheated. 

55, Siiiwi-heateil Steaiu. — Steam separated from water 
y be heated like air or any other gas until its temperature 
igher than the boiling point corresponding to its pressure. 







U/ 146916a. 



illustrate, put a little water in a cylinder open to the 
nosphere, as shuwn in Fig. 2 at a. Suppose that the area 
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of the cylinder is 100 square inches; then, the pressure of 
the atmosphere upon the piston is 14. 69 X 100 = 1,469 jxjunds, I 
The number 14.69 is a little more exact than 14.7. I 

When a part of the water is changed to steam, as at b. 
Fig. 2. the steam is in a saturated state, and at this pressure 
its temperature cannot be higher than 'ZVi". When, how- 
ever, the water is all changed to steam, as at c. Fig. 2, any- 
farther addition of heat raises its temperature, while the 
pressure remains at 14. (i9 pounds per square inch. Steam 
in this latter condition is known as superheated steam. 

The specific heat of superheated steam at constant pres- 
sure is .4305, or, say, .48 for ordinary purposes; that is, ,48 
of 1 B. T. U. will raise the temperature of 1 ptiund of super- 
heated steam 1 degree. The temperature of saturated steam 
cannot be raised if the pressure remains constant. All the 
heal is expended in changing water to steam, and until all 
the water is vaporized the temperature remains constant. 

36. If the steam in the cylinder has been subjected to 
a uniform pressure greater than that of the atmosphere, its 
temperature will be correspondingly higher; but as long as 
any water remains, any addition of heat will merely change 
more of the water to steam without increasing the tempera- 
ture. As soon, however, as the last drop of water is gone, the 
effect of adding more heat will be to increase the temperature. 
We may, therefore, define superhettteil st«ani as steam 
separated from water and heated so as to give it a tempera- 
ture higher than the boiling point corresponding to its 
pressure. 

STEAM TABLES. 



PROPEHTIBS OF SATITRATED STEAM. 

37. Whenever the pressure of saturated steam is changed, 
there are other properties that change with it. These prop- 
erties are the following: 

1. The temperature of the steam, or, what is the same 
thing, the boiling point. 




§11 HEAT AND STEAM. 17 

2. The number of B. T. U. required to raise 1 pound of 
water from 32^ (freezing) to the boiling point corresponding 
to the given pressure. This is called the heat of the liquid. 

3. The number of B. T. U. required to change the water 
at the boiling temperature into steam at the same temper- 
ature. This is called the latent heat of vaporization, or 
simply latent heat. 

4. The number of heat units required to change 1 pound 
of water at 32° to steam of the required temperature and 
pressure. This is called the total heat of vaiK>rization, 
or simply total heat. 

It is plain that the total heat is the sum of the heat of the 
liquid and the latent heat. That is, total heat = heat of 
liquid + latent heat. 

5. The 8i>eeiflc volume of the steam at the given pres- 
sure; that is, the number of cubic feet occupied by 1 pound 
of steam of the given pressure. 

6. The density of the steam; that is, the weight of 
1 cubic foot of the steam at the given pressure. 

28, All the above properties vary with the pressure of 
the steam. For example, if steam is at atmospheric pres- 
sure, the temperature is at 212°; the heat of the liquid 
is 180.531 B. T. U. ; the latent heat, 900.009 B. T. U. ; the 
total heat, 1,146.6 B. T. U. A pound of steam at this pres- 
sure occupies 26.37 cubic feet and 1 cubic foot of the 
steam weighs about .037928 pound. When the pressure is 
70 pounds per square inch above vacuum, the temperature 
is 302.774°; the heat of the liquid is 272. G57 B. T. U. ; 
the latent heat is 901.629 B. T. U. ; the total heat, 
1,174.286 B. T. U. A pound of the steam occupies 
6.076 cubic feet, and 1 cubic foot of the steam weighs 
.164584 pound. 

These properties have been determined by direct experi- 
ment for all ordinary steam pressures. They are given in 
the Table of the Properties of Saturated Steam. 
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m 29. Kxplanaltun of Table. — Column 1 gives the pre- 

surcs from 1 to 30il pounds. These pressures are atxue 
vacuum. The steam gauges fitted on sleain boiler* register 
the pressure above the atmosphere. That is, if the steam is 
at atmospheric pressure, li.7 pounds per square inch, tia 
gauge registers 0. Conseiiucntly, the atmospheric pressure 
must be added to the reading of the gauge to obtain the 
pressure above vacuum. In using the table, care must be 
taken no/ to use the gauge pressures without first adding 
H. ~ pounds per stpiarc inch for places at sea level. As the 
pressure of the atmosphere varies with the altitude, the true 
atmospheric pressure can always be obtained by consulting 
the barometer. The barometric reading should be reduced 
to pounds pressure per square inch and added to the gauge 
pressure in order to obtain the correct absolute pressure lor 
the lime and place. However, in nearly all engineerii^ 
calculations, it is customary to take the pressure of the 
atmosphere as 14.7 pounds per square inch, which value will 
hereafter be used unless stated otherwise. 

Pressures registered above vacuum are called alwolnte 
invs.-iiin.-s. The pressures given in ohmm I are iihu'hit, 

C-'iuniii ■■; jiivi's the temperature of the steam when at the 
pr<'ssinv >\\--\\n in .-..himn 1. 

t'nluiiiii ;i jiivi'S the lu'tu of the liquid. It will be noticeil 
that tin- vaUicw in luhnun :i may be obtained, appro.timately, 
by siibtractinn :'•.' fmui the temperature in column 2. If 
llu- spccilir livat nf water were exactly 1.00, it would, of 
loiirst-, take rxailly -'l',' — :i-J - ISO B. T. U. to raise 1 poiiml 
of Hater Ironi '-Vi ' l" -^l-;". Uiil experiment shows that the 
s]i<*ri[ic lii-at of wan-r is .sli>,'lnly greater than 1.00 when the 
icinpi-raturc <>f tlu- wMk-x is above (i->', and it therefore takes 
isii,;i:u li. T- I"- tn rai-^e 1 pnund of water from 32° to 212°. 

Ci'liinin 4 givi s the Intunt liciit of vaporization, which 
is siiii Id iliircas'.' !-lij;litly as tho jirt-ssure increases. 

(iilunin ". jiJVLS tlic (otal liojit of vajiorizatlon. The 
values in mbmin .5 may be obtained by adding together the 

Ciiliiznn t; jj'ivus tliu weight nf l cubic fool of steam in 
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founds. As would be expected, as the pressure increases, 

e steam becomes denser and weighs more per cubic foot. 

Column 7 gives the number of cubic feet occupied by 
I pound of steam at the given pressure. It will be noticed 
ihat the corresponding values of columns 6 and 7 multiplied 
»gether always produce 1. That is, for 31. .3 pounds pres- 
«re gauge, .11083 X 9.018 — 1.000. nearly. 

Column 8 gives the ratio of the volume of 1 pound of 
(team at the given pressure and the volume of 1 pound of 
krater at 39.1°. The values in column 8 may be obtained by 

viding 02.425, the weight of 1 cubic foot of water at ;i!t.l°, 
by the numbers in column 6. 

SO. Directions for ITslngr Steam Table.^Manifestly it 
Vould be impossible to compile Steam Tables that would 
■'include the values corresponding to all pressures. The table 
^ liere given covers the range of pressures likely to be met 
practice. For values that are not given in the table, 
though within its range, a method of calculation, known as 
Interpolation, may be used. In finding the values of 
I/, ^, /., etc. for an absolute pressure of, say, 7(i,35 pounds 
I per square inch, we must make use of the two values of 
I /, ^, i, etc. , and also of the two values of / given in the table 
■that are nearest to 76.35 pounds; that is, the nearest given 
1 value of / that is less than 7t}.35 pounds and that which is 
f greater than 70.35 pounds. In the present case, these two 
I values are 7li pounds and 78 pounds. In like manner, for 
[ any other given value of /> that, though within the range of 
I the table, is not given, we must make use of the two values 
I of y> between which it is included. 

31. The method of using the tables is illustrated by the 
[ following examples and their accompanying solutions. 

What are the values of /, g, Z., N, f, and II' for steam 
I whose gauge pressure is 01.65 pounds per square inch ? 

The pressures in the Steam Table are absolute pressures; 
I hence, when the gauge pressure of steam is given, 14.7 
■IRust be added to it in order to use it in connection with 
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/= 01.G5 + 14,7 = 76. 35 pounds per square inch. 

Turning to the tables, we find that this pressure lies 
between the two given values 70 and 78. 

(a) To find / (temperature): 

For/ ^78 pounds, / = 310.123° 

For / = 76 pounds, t = 308.344'' 

Difference, 2 pounds, 1.779° 

For a difference in pressure of 2 pounds, we have a differ- 
ence in temperature of 1.779°. A difference in pressure of 
I pound would, therefore, gi%e a diflference in temperature 

of ^ — = .8895°. The actual difference in pressure for this 

case is 76.35° — 76° = .35°. Hence, the actual difference in 
temperature would be .35 X -8805 —. 311335°, say. .311°. 
This means that if the pressure of saturated Steam is 
changed from 7li pounds per square inch to 76.35 pounds per 
square inch, its temperature is raised through .311°. Its 
temperature at 7f) pounds pressure is 308. 344°, consequently, 
its temperature at 76,35 pounds pressure is 3U8.344 + ,311 
= 308.655°. Ans. 

{/>) To find y (sensible heat) : 

For/ = 78 pounds, ? = 380.170 B. T. U. 

For/ = 76 pounds. ^ = 378,350 B. T. U. 

Diflference, 2 pounds, 1.820 B. T. U. 

For a difference in 1 pound pressure there will be a dif- 



,35 pound pressure there is a difference in g of .91 x ,35 
= .3185 B. T. U. Hence, "the sensible heat y, corresponding 

to a pressure of 76.35 pounds per square inch, is 278.350 
+ ,3185 = 27H.6085 B. T. U, Ans. 
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(c) To find L (latent heat) : 

For/ = 76 pounds, L = 897.635 B. T. U. 
For/ = 78 pounds, L = 896.35 9 B. T. U. 

Difference, 2 pounds, 1.276 B. T. U. 

For a difference of 1 pound pressure, the difference in 

1 27fi 
latent heat is —^ = .638 B. T. U. 

2 

.638 X .35 =.2233 B. T. U. 

By comparing/ and L in the table, it will be seen that as 
/ increases L decreases. In the present case, therefore, we 
must subtract from the value of L corresponding to a pres- 
sure of 76 pounds the difference due to the actual difference 
in pressures. 

That is. 

For/ = 76.35 pounds, L = 897.635 - .2233 
= 897.4117 B. T. U. Ans. 

(d) To find // (total heat) : 

For/= 78 pounds, //= 1,176.529 B. T. U. 
For/ = 76 pounds, //= 1,175.985 B. T. U. 

Difference, 2 pounds, .544: B. T. U. 

544 
As above, ^ = .272 ; ,272 X .35 = .0952 B. T. U. 

Hence, 

For/ = 76.35 pounds, //= 1,175.985 + .0952 
= 1,176.0802 B. T. U. Ans. 

(e) To fipd IV (weight per cubic foot) : 

For/ = 78 pounds (pressure), IV= . 182229 pound (weight). 
For/ = 76 pounds (pressure), IV= .177825 pound (weight). 

Difference, 2 pounds (pressure), .004404 pound (weight). 

Proceeding as before, 

004404 

•^ = .002202; .002202 X .35 = .0007707. 
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■ ii^"lj iTi rojairetl ti> raise "^t piund* 

- - i -.h-e heat of the liquid of 1 pijund 
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:^r . .; jrrin 4. ihe latent heat of vaporizallon 
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-tfjmiii ifiL- ?jmL- pressure. Therefore.il 
-I" )i. T I'. i'> perform the same ojjeralion 

H - Il.Tiii.iin.-l-! fl.-lb. Ans. 
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ExABiPLE 4. — Find the volume occupied by 14 puunds of steam at 
pounds gauge pressure. 

S<>i.i!Ttos. — 30 pounds gauge pressure = 30 + 14.7 = 44.7 absolute 

essure. The nearest pressure in the table is 44 pounds, and llie vol- 

if a pound of steam at that pressure is H.403 cubic feel. Tlie 

>lume of a pound at 46 pounds pressure is 9.018 cubic feet. 9.403 

9.018 = .885 cubic (out, the difference in volume for a difference in 

pressure of 2 pounds, '—j. ■= .1935 cubic foot, the difference in volume 

a difference in pressure of I pound. .1926 x .7 — .185 cubic foot. 

difference in volume for a difference in pressure of .7 pound. 

Therefore. B.403 — .135 = 9,268 cubic feet ia the volume of 1 pound of 

.Cteam al 44.7 pounds pressure. The .135 cubic fool is subtracted from 

' 403 cubic feet, since the volume is less for a pressure of 44.7 pounds 

than for 44 pounds. 

n,2(W X 14 = 129.T52 cu. ft. Ans. 

BXAHPLR 5. — Find the weight of 40 cubic feet of steam at a tempera- 
ture of as4^ F. 

Solution.— The weight of 1 cubic foot of steam at 354.003'. from 
the table, is .07B839 pound. Neglecting the .003°, the weight i.f 40 cubic 
feet is. therefore, 

.078839 X 40 = 3.153.'>G lb, Ans. 

Example 8. — How many pounds of steam at 64 pounds pressure, 
absolute, are required to raise the temperature of 300 pounds of water 
from 40' to 130° F., the water and steam being mixed together? 

Solution. — The number of heal units required to raise 1 pound 
from 40" to 130" is 180 - 40 = BO B, T. U. (Actually a little more than 
90 would be required, but the above is near enoujfh for all practical 
lurposes,) Then, to raise 300 [jounds from 40' to 130~ requires 
90 X 300 = 27,000 B, T, U, This quantity of heat must necessarily come 
; Steam. Now, 1 pound of steam at 64 pounds pressure gives 
ondensing. its latent heal of vaporization, or 90,^.8 B, T. U, 
Bui In addition to its latent heat, each pound of steam on condens- 
lust give up an additional anriount of heat in falling to I30^ 
the original temperature of the steam was 296,80.5' F. (see table), 
each pound gives up by its fall of temperature 290,805 - 130 = 108,805 
T. U. Therefore, each pound of the steam gives up a total of 

9(B.9 + 166.805 = l.(n2,705 B. T. U. 

It will, Iherefore, take j-jy^,^ —-25.17 lb. of steam to accomplish 
the desired result. Ans. 
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EXAMPI.ESI FOR PRACTIfB. 

t. HoTHuny fi>oc-pi>undsof workare required to change 43 puuiuli , 
of «raur at Ihe temperature corresponding to a pressure of H8 poun4\ 
absoluie. intu sleam at a tempcralure corresponding to a presnund 
tMpouDds. absolute? vVns. 39,3U8.1»llSlb 

3- Hew many B. T. U. are required to convert 25 pounds of valtf 
at S3- iatu IO«.«cubk f««t uf steam? Ans. 20.541. 1 E T.9. 

X. Find the namber nf heat units required to change II pounds cf 
water at 33' into steam at 100 pounds absolute pressure. 

Ans. 13.O0O.536B, T, U 

4. Find the weight of TIS cubic feet of steam at a pressurtr •>( 
33 pounds, gauge. Ans. 81.GKBlh 

5. How many pounds of steam at 47.3 pounds pressure, gauge, are 
required to raise 120 pounds of (vater from 55' to 160'' at atmospheric 
pressure? Ans. 12.091 lb. 

6. Find tbe volume of 10 pounds of steam at a pressure of S3 pouDil<. 
gauge. Ans. 105.952 cu. ft 
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FIRE-TUBE BOIX.ERS. 
A steam boilev is an apparatus whose duty it is to 
Brate steam for power or heating purposes. 

A boiler consists of the following essential parts: 
1 which the combustion of the fuel takes place; 
a vessel to contain the water to be evaporated; a steam 
spuee to contain the generated steam; a hcntlii^ siir&ce 
to transmit the heat of the furnace to the water ; a chimney 
to carry away the products of combustion and lo give a 
draft to the fire; various attachments, or flttinH^, to feed 
the boiler with water, to carry away the generated steam, to 
indicate the pressure of the steam, etc. 

3. Boilers are built in a variety of forms to meet the 
varying requirements of different classes of work. They 
may be roughly divided into three classes: stationary-, 
locomotive, and marine boIlei«. 

4. The plain cylindrical boiler is shown in Figs, I, 2, 
and -i. It consists essentially of a long cylinder called the 
shell. This shell is made of iron or steel plates riveted 
together as shown in Fig. 1. The ends of the cylinder are 
closed by flat or hemispherical plates called the hearts of the 
boiler. In Fig. i the front head is shown carrying the fit- 
lings Ji, C, C"„ and t*,. In this type of boiler the heads are i 
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end. This method of suspending the shell allows it to 
expand and contract freely when heated or cooled. 

The rear end of the shell is enclosed by the rear wall, as 
is shown in Fig. 1 ; the wall is continued back, forming the 
chamber //, into which the chimney, or stack, A' opens. 
The front of the boiler, shown in Fig. 2. is of cast iron. 
The front end of the shell touches the firebrick lining H, 
and its weight comes upon the hooks P, /', the rear wall and 
firebrick lining Ji simply keeping it in position. 

The furnace Fis placed under the front end of the boiler 
shell. The fuel is thrown in through the furnace door y 




and burns upon the grate /:", the ashes falling through the 
grate into the ash-pit /'. To insure a supply of air sufficient 
for the complete combustion of the fuel, the furnace is 
sometimes supplied with a blower A'. This consists of a 
cylinder leading into the ash-pit D, into which is led a jet 
of steam through the pipe )'. The jet escapes into the ash- 
pit with great velocity and carries with it a quantity of air, 
The air thus carried in is forced through the spaces between 
the grate bars into the burning fuel, thus prod ucing. 
and complete combusti<*n. 
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5. Behind the furnace is built the brick wall CJ, called 
the brlUticc- It serves to keep the hit gases in close contact i 
with the under side of the boiler shell. As boilers of this , 
type are generally quite long, a second bridge G' is usually 
added. The gases arising from the combustion of the fuel 
flow over the bridges G and G' into the chamber H and 
escape through the chimney A". The velocity of flow of the • 
gases, and hence the intensity of the fire, is regulated by the 
damper T that is placed within the chimney. The space [/ ' 
between the bridges is filled with ashes or some other ' 
good non-conductor of heat. The door Z in the boiler front , 
gives access to the ash-pit for the removal of the ashes. ( 
The tops of the bridges, the inner surface of the side walls I 
and rear wall, and, in general, all portions of the brickwork 
exposed to the direct action of the hot gases are made of 
firebrick (shown in Figs. 1 and 3 by the dark section lining) 
since this material is able to withstand a very high tempera- 
ture. 

It will be seen by referring to Fig. 3 that the upper p<irtion I 
of the boiler shell is covered with firebrick in such a manner 
as to prevent the hot gases coming into contact with the shell 
above the water-line f '. It is a general rule in the construc- 
tion and setting of fire-tube boilers that vndcr no circum- 
stances should the firc-linc be curried above the water-line, 
for if the hot gases come in contact with the part of the 
boiler above the level of the water, it will become unduly 
heated, and thus weakened, and will be liable to rupture. 
In fact, a great number of boiler explosions are caused by 
"low water " in the boiler, inwhichcondition the water-line is 
below the tire-line. 

The top of the shell is covered by brickwork or some 
other non-conducting material to prevent radiation of heat. 
The boiler is filled with water through the feedpipe S, which 
leads to a pump or injector. Wh'en in operation, the water 
stands at about the level [', the space .S" above being occu- 
pied by the generated steam. The safety valve is shown at 
A. By means of this attachment the steam pressure is kept 
from rising above the desired point. The pipe b is the main 
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steam pifje leading to the engine; thu pipe f provides for 

It! escape of the waste steam when the safety valve blows off. 

The steam gauge B indicates the pressure of the steam in 
the boiler. The gauge is attached to a pipe that passes 
through the front head into the steam space. 

The gauge-cocks C, C,, and t", are placed in the front 
head of the shell ; they are used to determine the water level. 
For instance, if the cock t", is opened and water escapes, it 
is evident that the water-line is above the cock C,. while if 
steam escapes, the level must be below 6',. 

The manhole O is simply a hole placed in the front head 
through which a man may enter and inspect or clean the 
boiler. The hole is closed by a plate and yoke. 

To permit the boiler to be emptied, it is provided with a 
blow-off pipe M, through which the water or sediment may 
be discharged. 

These boilers are made from 30 to 42 inches in diameter 
and from 3U to 40 feet long, though in rare instances they 
have been constructed with a diameter of 48 or more inches 
and a length of 60 or even 100 feet. 

6, Plain cylindrical boilers are much used in mining dis- 
tricts, where fuel is very cheap; on account of their small 
water-heating surface, they are very uneconomical and 
hence are not generally used where fuel is expensive. The 
advantages of this boiler are: Cheapness of construction, 
strength, durability, and ease of access for cleaning and 
repairs. 

7. The flue boiler differs from the plain cylindrical 
boiler in having one or more large flues running lengthwise 
through the boiler shell below the water-line. 

Such a boiler is shown in elevation and section in Figs. 4, ■ 
5, and 6. « 

The flues A, A are fixed at the ends in the front and rear 
heads of the shell, respectively. The front end of the shell 
is prolonged, forming the sinokebox B, into which opens 
the smokestack C. The front of the smokebox is provided- 
with a door E. The boiler shell is also provided wit 
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This type of bi>iler 
is a development 
of the flue txjiler. 
the t»-o Jarge flues 
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the latler being replaced by a largi 
I tabes. The object of introducing the 
I increase the heating surface uf the boiler. 



r of small 
tubes is to 
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A side view of a tubular boiler is shown in Fig. 7; a 
cross-section through the tubes is shown in Fig. 8. The 




tubes extend the whole length of the shell; the 
beaded into holes in the heads of the boiler. The 



: ends are 
front end J 
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of the shell projects beyond the head, forming the smoke- 
box />', into which opens the stack C. 

The shell is suspended on the side 
walls by the brackets W, A, which are 
riveted to the shell. The boiler is usu- 
ally provided with a dome D, though 
this is sometimes left off. The walls 
are built and supported by buckstaves 
in practically the same manner as those 
previously described. Since this type 
of boiler is generally short, one bridge 
only is used. Firebrick is used for all 
parts of the wall exposed to the fire 
or heated gases. The fittings are not shown in the figure. 
The safety valve would be placed on top of the dome, and 
the pressure gauge and gauge-cocks would be placed on 
the front. The manhole is either in one of the heads or on 
top of the shell. The feedpipe may enter the front head 
or the top, while the blow-off pipe is placed at the bottom 
of the shell, at the rear end. Access is given to the rear 
end of the boiler through the door £. 

As usual, the furnace /■" is placed under the front end of 
the boiler. The gases pass over the bridge, under the boiler 
into the chamber N, then back through the tubes to the 
smokebox B, and out of the stack C. 

The return-tubular boiler is probably used in the United 
States more than any other. The details of its construction 
and setting will be shown later, 

9. Comtsh and Laiica-shlrc Bolle^rs. — In the three 
forms of boilers considered so far, the furnace is placed out- 
side the shell of the boiler; such boilers are said to be 
externally fli-ed. On the invention of the single-flue 
boiler, the idea was conceived of placing the fire in the flue, 
and the result is the so-called Cornish boiler, a cross- 
section of which is shown in Fig, It, 

The boiler is set in masonry in such a manner as to form 
the passages A, A, and B. The grate is supported in the 
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Ingle Urge flue C. Th« heated gases pass from the furnace 
bto the rear through the flue C, they then return heneath 
Etbe boiler through the flue B, and finally return u> the 
Irear through the side 
I flues A, A, and thence 
■ out of the chimney. 

This path of the g^^i.sLs 

coastitutes the split 

<Iraf(. 

It WBS formerly I ii^j 

general practice lu 

arrange the Ijrii k 

work setting so ili.it 

the gases reiwni'.i.i 

to the front ihrou^'h 

the side flues A, A 

and returned to the 

riar through the "" '' 

lower flue B. It was found, however, that tliis ])raciice 
f retarded the circulation of the water and rendered the 
I shell more liable to strains due to unequal expansion and 
f Contraction. Consequently, the first method of produ- 
cing the split draft is used almost exclusively in modem 

>ractice. 
As shown in the figure, the brickwork passages are lined 

rith firebrick. 




lO. The lancashlre boiler is a modification of the Cor- 
■nish type. In order to give a large grate area and a large 
^eating surface for the same diameter of shell, two large 
[urnace flues are substituted for the one flue of the Cornish 
The brickwork setting (Fig. 10) is precisely similar 
Eto that of the Cornish boiler, Fig, 9, and the split draft is 
wmed in the same manner. 

The large furnace flues of internally fired boilers, of which 

^he Cornish and Lancashire are examples, are subjected 

> an external collapsing pressure equal to the pressure 

E the steam. The greater the diameter of the flue, the 
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more liable it is to coUapst-; consequently, the Lancashire 
possesses an advantage over the Cornish type in this respect, 
since each of its two flues is necessarily of smaller diameter 
than the single flue of the Cornish boiler. Various measures 
are taken to strengthen the furnace flues of internally fired 
boilers. They are 
sometimes made cor- 
rugated; again, they 
are strengthened by 
having channel irons 
riveted around them. 
A very common 
method, however, is 
to stiffen them by 
transverse conical 
water legs, as shown 
inFig.ll, Thewater 
legs not only stiffen 
the flue, but also pro- 
"'"' '"■ vide an opportunity 

for the circulation of the water and split up the gases on 
their way through the flue, thereby providing an increased 
heating surface. 

11. The Galloway boiler is a sort of combination of 
the Cornish and Lancashire types. It has two internal 
furnace flues fitted with grates, ash- 
pit, etc. in the usual manner. Instead 
of extending through the whole lengUi 
of the shell, the two flues unite just 
behind the bridge into one large kidney- 
shaped flue that extends from this junc- 
tion to the rear head of the shell. This 
large flue is strengthened by a large 
number of water legs of the form shown 
in Fig. 11. The setting of the Gallo- '■i". u. 

way Ixiiler is similar to that shown in Figs. 10 and 11. The 
draft is split as previously di-srriljed. 
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18. The Cornish, Lancashire, and (ialloway boilers he- 
long to the general class known as Internal ly llrtMl boilers. 
The chief objection to these three types of boilers is 
the liability of the internal flue to collapse and the strain- 
ing actions set up by the expansion and contraction of the 
fiue. The chief point in favor of these lK)ilcrs and in favor 
of internally fired boilers generally is their economy in the 
use of fuel. Generally speaking, all conditions being the 
same, an internally fired boiler is 10 per cent, more econom- 
ical than an externally fired boiler. This fact is due to the 
loss of heat by radiation through the brickwork setting of 
the latter class of boilers. 
The three types of boilers just described are extremely 

popular in England and on the continent of Europe, but 

they are little used in America. 

13. The Clyde Boiler. — A stationary boiler combining 

the features of the Lancashire and multitubular types is 

shown in Fig. 12. In consists of a large cylindrical shell a, 

the ends of which are closed by the fiat heads /;, /;. A large 

furnace flue c of the corrugated type, known technically as 

the Morison suspension furnace flue, extends clear 

through the boiler and is securely riveted to the two heads, 

^hich are flanged inwards for this purpr)se. Al)ove and 

beside the furnace flue and parallel thereto and below 

the water-line is a nest of tubes li that extend from head to 

head. The front ends of these tubes open into a smokebox i' 

that connects with the chimney or stack /. The fiat heads 

are stayed by through stay rods g, g in the steam space, 

which prevent deflection of the heads. The remaining 

parts of the flat heads are supported by the tul)es, which are 

expanded and beaded over, and by the furnace flue. 

The furnace is placed within the furnace flue and, as 
usual, consists of the grate //, the ash-j)it /, and the bridge k. 
The gases of combustion flow to the rear into the combus- 
tion chamber / and then pass through the tubes to the front 
and into the smokebox. The combustion chamber is formed 
by a thin cylindrical shell attached to the rear end of the 
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boiler, and is lined with firebrick, as shown. A door /' gives 
access to the combustion chamber for the removal of ashes 
and soot and for the purpose of examination and repair. 
This type of boiler evidently gives a very large amount of 
heating surface in proportion to the space it occupies. 

The feedwater enters the boiler at ;// and, passing through 

the internal perforated feedpipe «, is discharged downwards 

alongside the shell in small streams. The various fittings 

are not shown in the illustration. The steam gauge and 

water column would naturally be located close to the front 

endgf the boiler: the safety valve is intended to be bolted 

to the outlet o' and the steam pipe to the outlet o" of the 

nozzle o. The steam is collected by the dry pipe /, which 

is perforated with numerous slots on top. The dry pipe is 

fairly effective in freeing the steam from any water that may 

be mixed with it. The manhole is at q and two handholes 

atr. The blow-off is attached at s. The boiler is entirely 

self-contained, i. e., it does not require any brickwork setting. 

^t is simply bolted to three saddles that rest upon and arc 

fastened to a suitable foundation. 

A boiler of the kind just illustrated resembles the Scotch 

toiler used in marine work, and differs from it only in the 

*^ct that the combustion chamber is not surrounded by 

^ater. For this reason it is often called a dry-l>ack Hcotch 

^H>ller, although some engineers refer to it as the Clyde 

poiler, presumably because this type was originally designed 

^^ the shipyards of the Clyde, England. 

14. The Ijocomotlve, or Firebox, Boiler. — Next to 

the multitubular type, the firebox boiler is probably used 

^ore than any other type. It is used exclusively in railway 

Service and also largely as a stationary boiler. A larp^e 

proportion of the small portable combined engines and 

\)oilers used for agricultural purposes are of this type. The 

general construction is shown in Fig. 13. The shell is 

composed of two differently shaped parts riveted together. 

The front part of the shell is cylindrical ; the rear j)art is 

usually of a rectangular cross-section with vertical sides or 




legs extend to the bottom of the ash-pit, 
rt.- is a water space below the ash-pii; 

and ash-pit are entirely surrounded by 
i'ork setting is required. 
"tried at the front end by the cast-iron 

upon the masonry foundation 6". The 
li'd upon a brick wall, which also forms 
I'iliT is usually provided. with a dome //. 
ir main steam pipe, which is bolted on at 
hr dnmc is provided with a manhole L 

\»- inlnnhirid at any convenient point 
iicsMin- K-iiiii'-. water glass, and gauge- 

li' till.' ■nluinii M, which is placed in 



Icommunication with the interior of ihe shell. The furnace 
■and ash-pit doors are shown at A'and C, respectively. The 
HOfety valve is usually attached to the dome. 
I Since the flat sides of the fumaot- and shell are liable to 
nmlge on account of the pressure, they must be braced or 
BBtayed. This is accomplished by the staybolts J>, S. The 
iQat top of the fireboi is strengthened by a series of paral- 
WIaI girders P, P. As an additional security, the girders are 
E^Eometimes attached to the shell by the " sling stays " A". A'. 
I The gases of combustion pass directly from the furnace 
I through the tubes 7". 7" to the smokcbox li and out of the 
I stack C. In locomotives, a strong draft is obtained by 
[ allowing the exhaust steam to discharge through the smoke- 
[ stack. The escaping steam carries along the air and the 
I escaping gases in the smokebox B, thereby drawing a new 
I supply of gases through the tubes T, T and a supply of 
' air through the grate. 

I The tubes of the locomotive boiler are about 12 feet long, 
2 inches in diameter, and are made of iron or steel. The 
tubes of stationary and portable boilers of this type are 
generally of larger diameter, as there is less demand for 
great quantities of steam. 

The locomotive type of boiler evidently is self-contained. 

15. The Vertical BoUei-. — This type is essentially a 
modification of the locomotive type placed on end. A com- 
mon form of vertical boiler is shown in Fig. 14. It consists 
of a vertical cylindrical shell, in the lower end of which is 
placed a firebox F. The lower rim of the firebox and the 
lower end of the shell are separated by a wroiight-iron 
ring k, to which both are riveted, the rivets going through 
both plates and ring. The shell and firebox are also stayed 
together by the staybolts a, a. The space between the two 
is filled with water, so that the firebox is surrounded by it. 
The boiler shell and likewise the grate E rest upon a cast- 
iron base D that forms the ash-pit. A series of vertical 
tubes /, / extend from the top sheet of the firebox to the 
upper head of the shell. The tubes serve as stayrodj 
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strengthen the flat surfaces that they connect. The upijer 
ends nf the tubes open directly into the chimney or smoke- 
stack A'. The gases from the furnace thus pass directly 
through the tiihes and out of the stack. 




The safety valve is shown at f/, with the main steam 
pipe O leading from It. The pressure gau^^e P and gauge- 
cocks c, c, c are attached to a column L that communicates 
in the usual manner with the interior of the shell. The 

construction nf this type of boiler does not generally permit 
the use of manholes, but handholes J/, .1/ are placed in con- 
venient positions for cleaning out mud and sediment. 



TYPES OF STKAM i;<»i:j::<> :: 

$• When the tubes extend thri»ui:h the iii»|icr heaii **i 

boiler, as shown in Fij^. 14. their iipiK-r en«ls |i;iss thniiij^h 

steam space .S' alK)ve the water-line / ' / '. This is 

ked iip<")n as a bad feature, sinre the tubes are liable in 

:ome overheated and thus collapse when the boik-r is 

reed. 

In the form of vertical boiler shown in Fi^. 15. thisdanj^er 
i avoided. A chamber, or smokebox, /extends fri>ni the 
ipper head of the shell sti that its Inittom j)late is always 
below the water-line. The upjK*r ends of the tubes /. / are 
expanded into the lower plate <»f this rhamber. and there- 
fore the tubes are alwavs surrounded bv water from end to 
end. A vertical boiler constructed in this manner is said to 
have a submergred head. Aside from the sul)merj^ed head, 
the construction of the boiler of Fij^. lo is similar to that of 

% 14. 

Vertical boilers are generally wasteful of fuel and are per- 
haps more liable to explo.sion than any <ither tyi>e. They 
^re, however, self-contained, require but little floor space, 
^rid are easy to construct and repair. For these reasons the 
"^"^rtical type of boiler is very popular with a large class of 
^team users. 

17. The tubular boilers so far described bchmg to a gen- 
eral class known as llrt»-tiilx» Ixillors, and anv boiler in 
"V'hich the flames and gases of coml)usti<»n traverse the iusidc 
Kil the tube or flue belongs to this class. 



WATER-TUBE AXI> SKtTIOXAI. HOILKHH. 

18. Of late years, a type of boiler has conic into exten- 
sive use in which the flames and gases of combustion are in 
contact with the o/i/sii/i- of the tul)es. The water is con- 
tained inside the tubes; hence, tliese boilers art* known as 
water-tube IwIUm-s. Some of the leading types of water- 
tube boilers are described in the following articles. 




The furnace is of the usual form and is placed 
Her the front end of the nest of lubes. The bridge v 
C is built up to the bottom row of tubes; another firebrick 
wall A' is built between the top row of tubes and the drum. 
These walls and the baffle plates S, S force the hoi furnace 
^ases to follow a zigzag path back and forth between the 
tabes. The gases finally pass through the opening A in the 
rear of the wall into the chimney flue. 

The feedwater is introduced through the feedpipe E. 
The steam is collected in the dry pipe F. which terminates 
in the nozzles ,1/ and -V, to one of which is attached the main 
steam pipe and to the other the safety valve. 

The pressure gauge, cocks, etc. are attached lo the 
column that communicates with the interior of the shell by 
the small pipes « and v, the former of which extends into 
the dry pipe, the latter into the water. 

At the bottom of the rear row of headers is placed the 
tnitd drum D. Since this drum is the lowest point of the 
water space, most of the sediment naturally collects there. 
This sediment may be blown out from time to time through 
the blow-off pipe P. The drum D is provided with a hand- 
hole Q. A manhole R is placed in the front head of the 
drum B. The heads of the drums are of hemispherical form 
and therefore do not require bracing. Access may be had 
til the space within the walls through the doors /and J. 

21, The circulation of water takes place as follows: The 
cold water is introduced into the rear of the boiler; the 
furnace being under the higher end of the tubes, the water 
in that end expands upon being heated, and is also partially 
changed to steam; hence, a column of mingled water and 
steam rises through the front headers to the front end of 
the drum li, where the steam escapes from the surface of 
the water. In the meantime, the cold water fed into the 
rear of the drum descends to the rear headers through the 
long tubes (T to take the place of the water that has risen in 
front. Thus, there is a continuous circulation in one direc- 
un, sweeping the steam to ihe surface as fast as it 
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formed and supplying its place with cold water. Most of 
the sediment sinks to the mud drum D, from which it is 
blown out from time to time. 

33. The Root water-tube boiler is shown in Figs. 17 
and 18, the latter being an end view with the brickwork 
removed so as to show the various drums and connections. 
The construction of this boiler is very similar to that of the 
one just described. There is a nest of inclined tubes, 
the ends of which are expanded into cast-iron headers. The 
headers are placed in communication by the U-shaped return 




bends a, a. A continuous channel is therefore providt 
for the circulation of the water through the headers. The =re 
is a horizontal overhead drum A for each vertical section o/ 

tubes. These drums A, A are placed in communication wi..^HtJ] 
the transverse drum B by the tubes C, C. The drum B 
in turn connected with the lower drum // by the two lar 
water legs D, D. Finally the drum // communicates w -^th 
the rear headers through the tubes L, /,. There is thus ^i 
open circuit through the tubes 7", drum J, tubes C, drum v^ 
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^^Ber legs D, drum //, and tubes L. The water-line is at 
^^^&at the middle of the drums A, A, and the steam arising 
^ironi the surface of the water v v %v 

first passes into the drum /' and 
then into the main steam drum -S' 
through the pipes Q, Q. The 
main steam pipe, the safety 
valve, and other fittings may 
S attached to the drum S at the 
ixzies {/\ V, and W. 
f The feed-water is introduced 
|tO the drum /jf through the feed - 
A'. The circulation takes 
; in the same manner as in 
: boiler previously described. 
^e drum // acts as the mud 
um, being at the lowest point of 
lie water circuit. The sediment 
nay be blown out through the . 
pipe A'. 
I Access may be had to the '^'''' '"' 

Iterior of the setting through the doors /'"", J\ The steam 
I is provided with a manhole. The rear end of the 
■oiler is supported by the brickwork foundation; the front 
end is supiwrted by a beam G hung from the I beam £. 

The arrangement of the bridge and baffle plates J, J and 
the course of the heated gases are precisely the same as in 
the Babcock and Wilcox boiler. 




23, The Heine water-ttjbo boiler, shown in Fig. 19, 
differs in many respects from those already described. It 
consists of a large main drum A that is above and parallel 
with the nest of tubes 7", T. Both drum and tubes are 
inclined at an angle with the horizontal that brings the water 
level to about one-third the height of the drum in front and 
about two-thirds the height in the rear. The ends of the 
I ttibes are expanded into the large wrought-iron water 
Isgs B, B. These legs are flanged and riveted to the t 
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which is cut out for aliout one-fourth its circumference to 
receive them, the opening being from (iO to 90 per cent, of 
the cross-sectional area of the tubes. The drum heads are 
of a hemispherical form and therefore do not need bracing. 
The water legs form the natural support of the boiler, the 
front water leg being placed on a pair of cast-iron columns E 
that form part of the boiler front, while the rear water leg 
rests on rollers (shown at J-') that may move freely on a 
cist-iron plate bedded in the rear wall. These rollers allow 
the boiler to e.xpand freely when heated. 




The boiler is enclosed by a brickwork setting in the usual 
manner The bridge G, made largely of firebrick, is hollow, 
and has openings in the rear to allow air to pass into thea 
chamber P and mix with the furnace gases. This air ia 
drawn from the outside through the channel Q in the side 
wall and is, of course, healed in passing through the bridge. 
In the rear wall is the arched opening O that is closed by a 
door and is further protected by a thin wall of firebrick. 

When it is necessary to enter the chamber P, the wall may 
be removed and afterwards replaced. 
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The fe«T2:Tr is ":r:c^* : :z tr.- .^- *:- - 
which passes :hr:-^r •Lrf^ zr ct r«tii ---t *:: v--r 
it flows int-;- th-e muf irr=: J" v:_..: .-r f i.^Trt :':• 
main druni t*!:-*" ibt T*":*r-l=rrt- i^r-i .s'lii.r ziz-r 
merged in ibe hortt^: Txi-tr rz. •••t ':• -I'tr 7 :_> :_. 
perature is use::il t=. prtrTzzrz^ziz^ '^'t 1:11 t i-": rs 
in the feed water. wri:r f<":i> n ir-r m-i :~u:z . 
then be blowx o^z zt^-zzLZZ. tzrt ':•.■ ▼- f : :r: .".' 

Lavers of trebrkk /?1 jt ir* li. : i: :r::—:-T :_ r,: -.1- 
rows of tubes anf a-n as ia^* :-i:T^ : ■•._"* ".-'r :.— j,.- 
gases to pass back a2>d f i-nh ir- j:r. : :* t : - :•?> Tit ^.L>rr 

finally escape ihroagh the •' ^y .\ zi^.-i i:- z z:^ tz^z 

end of the boiler. Tc ZT:z*r:z tir r-zr^-z. r:.i.:t : :.:r ir^— 
from the action of the b:: c^=-=>. :it :r_=: .r :it •::.-.: :' 
tie chininev is pr^ectec r y rrt": r : .:. i^r rji — r. - ijit r ^- . tt 
The steam is OL«53ecied azf zzrfz :z zr. Ti:-r :y '.:- -r^^. 
/brated dry pipe A' Tbe ciiir. ^Tri— 7 .-•^. ~ "- .:- -: : 
^'alve, is shown at .\* the 5if-:v . i;- ^ i: Z Zr. - -- - 
Prevent a combined spray <:■: zz.urL -^iirr ir. I ^-.rin; >:.; — - 
*xig from the front header i-f r-t-rrir.*: -.r.T :rv : ::rr. 3, 
^eflecting^ plate L is placed :r. :he :r r.: -r. : :: -.ht ir.;rr. 

A manhole J'is placed :r. :hr rrir hr:; '. : -r.r i '"-- 

^at sides of the water leirs i-r s::iyv : : ^rr'.r.tz ': v :r.r ?::iV- 
Vx)lts 5, 5. which are made h 1! .%■ > :i- : ^--.t ^ .^^.^ - --^^ 
^Outside of the tubes. In :r.::: : -.» r - - .. -...:..: -. 
^landhole ^that gives acces> :. :hv ir.v.-r; r : :ht :ube<. 

Where a batterv of severul : :hr<- • "- -^ -^ -^^,5 -,„ 
additional steam drum :> placed a:-.v- ^-'■" ^* - -"* -.-.rV- 
the drums A^ A, 
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24. The StlrllnK iKiiler, >;-... wr. ::: Fi-. >... j. n departure 
from the regular type of waitrr-:i:l.c N-ilvrs. It consists uf 
a lower drum --i connected with thrtre upper drums />\ />, />' 
by three sets of nearly vertical tubes. These upper drums 
are connected by the curved luhes (', C\ C, The curved 
forms of the different sets of tubes all«>w the different parts 
of the boiler to expand and contract freely without strain. 

The boiler is enclosed, as shown, in a br' ' -rk setting 



u 



TYPES OP STEAM BOILERS. 



that iit providci) with various b<Aes //, //, ^i ;>ut thr l=ui 
may be inspected or repaired. Tbe bmler i_s ■'a=f*n.:'-i ■: 
a framework of irrougbt-iroo girder* nut shown in :h- ( ; 

The tirid^ £ is lined with firebrick and is buVr. 
tact with the lower drum .( and the fnmt nest .J ■.fr-,-. 
tubes. An arch D t» built above the furnace and lhi& a 




ith 



\ 



connection witli the bafflers A, /", direrls the i 

heated gases, causing them to pass up and down beiwc 

the tubes. The arch and bafflers are made of firebrick. 

The cold feedwater enters the rear upper drum : 
descends through the rear nest <if tubes tu the drum 
which acts as a mud drum and collects the sediment brouj 
in bv the water. A blow-off pipe A' permits the removal of i 
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seilimenL The steam collects in lh« oppcrdr«Es^. i^_ TW 
steam pipe and safety valve.Varcsttacfacd !•>:&« iB>^i>dm^ 

The chimncjr T is located behind ti>e near uf^' irvim. 
Therefore, the cold feedwater enlen the ovniest part ^ tke 
boiler, and the circulation \A tbe vaier Is ifinnlr BppMiU. 
that of the escaping hot gases^ 

The water column Z. vith its fittings i» pbced in eo^ 
munication with the front uppef dram. All tke dn^K «re 
pruvided with large manholes^. 

2.1. The Baxellon or pormpJnr bailer, Aon in 

Fig. 21, is a vertical water-tube butler ai j 
As shown in the figure, it 
consists of an upright cylin- 
der A, into which arc ex- 
panded a large number of 
radial tubes B, B, wh<ise 
'^uier ends are closed, while 
*he inner ends open into the 
•Cylinder A. The boiler is 
Enclosed in a circular brick- 
^*'ork wall, on top of which 
>S placed the chimney //, 
'^•hith is provided with a 
'Samper for regulating the 
^raft. Below the tubes the 
Vall is lined with firebrick 
and projects inwards, form- 
ing the furnace E. There 
are several fire doors spateii 
equidistant around the cir- 
cumference, one of which is 
shown at A'. The grate G 
forms a ring between the 
central cylinder and the ex- 
ternal brick wall. The space 
below the grate serves as 
the ash-pit. The water is 
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loniained in ihe cylinder and lubes. The sediment natu- 
illy collects in the bottom of the cylinder and is blown out 
igh the pipe D or removed through the manhole C. 
steam is collected in the perforated dry pipe /' and 

Eed to the main steam pipe T. The safety valve is shown 
it /' and the water column at L. The openings O, Pare 
left in the wall so that the interior may be inspected. 

The heated gases pass from the furnace E between the 
tubes B, Ji, and by the time they have reached the chimney, 
the heat has been mostly abstirbed by the water in the tubes. 
This boiler does not require to be suspended in any way ; 
the whole weight rests upon the foundation, which may be 
built in the ground. 

26. The Morrln "Climax" boiler, shown in Fig. 22. is 
water-tube boiler that somewhat resembles the porcupine 
■boiler, and differs from it chiefly in that instead of radial 
tubes the standpipe or main shell a is fitted with a large 
lumber of loop-like tubes b, l>, the ends of which are 
expanded into the shell. The furnace is circular, as in the 
porcupine boiler, and in order to give free access to the fire, 
four furnace doors are provided. A deflector plate li is 
[l fitted to the shell a little above the water level, which tends to 
p throw back any water carried up by the steam. The upper 

1 portion of the central shell is divided by a series of dia- 
phragms c, c into a series of superheating chambers, through 
vhich the steam is compelled to circulate successively by 
the connecting loop-like tubes. The steam thus becomes 
thoroughly dried and somewhat superheated before it enters 
I the main steam pipe /. The feedwater coming from the 
; pump is discharged through the delivery pipe g into a 
i spiral feed-coil h resting on top of the tubes, where it is 
I heated to a high temperature. It leaves the-coil through 
the pipe /and passes downwards, finally being discharged into 
' the bottom of the shell through the internal feedpipes J, J. 

iThe water column k is connected to the top and bottom of 
the central shell. The safety valve is attached to a T placed 
I in the main steam pipe close to the boi 
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■^7. The Cahftll boiler may aptly be called a vertleal 

^■ter-tube boiler. As a reference to Fig. 23 will show, it 

'^-**^sistsof a cylindrical muddrumrfand steam drum *, which 

connected by nearly vertical tubes. The furnace c is 

^ced to one side of the boiler, and the gases of combustion 

> ^*tTijLind the tubesand finally pass through a central passage 

*^ the steam drum to the smokestack. The steam becomes 

'^ghtly superheated in this steam drum, through coming in 

^<^Titact with the surface of the central passage, which is kept 

^t a fairly high temperature by the escaping gases. The steam 

.^Tum and mud drum are connected by an external circula- 

iting pipe if that enters the steam drum some distance below 

the water-line. The feedwater enters the mud drum and, 

'becoming highly heated, rises through the vertical tubes to 

;the steam drum, where the steam bubbles are lilwrated. 

{ the water in the lower part of the steam drum flows 

[continually into the circulating pipe, and since this pipe is 

^j»ot exposed to the heat of the fire, the density of the water 

it is much greater than the density of the water in the 

'irfcrtical boiler tubes,_ Inconsequence, the water is continually 

iwing downwards and a rapid circulation is promoted. 

38. The Harrison safety boiler, shown in Fig. 24, is a 
sectional safety boiler, but not of the water-tube type. It 
is composed of hollow cast-irim or steel sections^. A, called 
nnlts, that are accurately faced and bolted together. Each 
section is composed of two or more approximately spherical 
vessels, and the sections are bolted together in a zigzag 
. manner, as shown in the figure, so as to form a solid slab. 
I ^ach bolt runs from top to bottom through all the units, as 
[«hown at C. There are several of these vertical slabs of 
K?tions suspended side by side from the girders li, B. 
The boiler is enclosed by a brickwork setting that is 
Ened with firebrick. The top of the boiler is likewise cov- 
red with firebrick to prevent radiation. The wall is pierced 
»ith the openings D, D for the purpose of inspecting the 
btcrior. The brid^'e G and bafllers H, H direct the J 
^ses back and forth between the sections. 
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fire-tube builer a split tube can be temporarily repaired very 
quickly by plugging, and this can be done without throwing 
the boiler out of service. 

Regarding the second objection, it is plain that as water- 
tube boilers I'onlain but a limited quantity of water, it 
requires constant feeding to replace the water evaporated 
into steam. But as pumps and injectors can be regulated 
to a nicety to supply the required amount of water, the 
difficulty of maintaining a steady water level is not a 
serious one. 

32. There is an endless variety of water-lube boilers, 
but the principles of operation are practically the same in 
all of them. After studying carefully the chapter on water- 
tube boilers, the student should experience no difficulty in 
understanding the operation of any water-tube boiler of 
which he may be placed in charge. 



MISCKLLANEOUS TYPK8. 

33. In addition to the types of boilers above described, 
there are many others embodying special features or of 
peculiar construction. Some of these are modifications of 
the types already described ; others have nothing in commoQ 
with them, 

34. Of these miscellaneous types, the Field Ijollep 

may be mentioned. This boiler consists of a vertical cylin- 
drical shell containing a plain flat-top firebox. A single 
large flue passes from the crown sheet of the firebox through 
the upper head of the boiler shell to the chimney. The 
remarkable feature of this boiler is the use of the so-called 
Flfld tubes. The construction of one of these tubes is 
shown in Fig. 25. It consists of two concentric tubes, the 
outer one being closed at one end and open at the other, 
which is expanded into the crown sheet C ; the closed end 
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hangs down into the firebux in contact with the hot fur- 
n.ice gases. Tht; inner tube B is open at both ends and 
)s .suspended Inside the outer tube .^^-^^^ —-r^-- -^^ 
liy pins or feathers. The upper i-ml ■ , t 

(if ihc inner tube is expanded su < 

is to give a free entrance to iho *\ /« 



The tubes being suspended in the 
r firebox and exposed to intense heat. 
there is a rapid formation of sieam, 
ffhich rises to the surface through the 
space between the outer and inner 
I tubes. A stream of water ia thus 
Ikept continually flowing downwards 
rlJirough the inner tube to supply the 
place of the rising steam, and the 
result is a rapid and continual circu- 
lation within the tubes. 

Field tubes are also used in other 
t>oilers. Sometimes they are huny in 
*^lie furnace flues of Cornish and Lan- 
^^ashire boilers. They are also used in 
^^me forms of fire-engine boilers. 









■■CIRCULATION OF WATKU IN STEAM nOILKRS. 

35. Transmission of Heat. — The transfer of the heal 
generated by burning fuel in the furnace to the water in the 
boiler is accomplished, in the order named, by radiation, 

\duction, and convection. 



Radiation of heat is the transfer of heat through 
space; conduction of heat may be defined as the transfer of 
heat through solids; and t-oiiveetlon, as the transfer of heat 
through liquids or gases. The heat generated in the furnace 
is transmitted to the plates of Ihe boiler principally by radia- 
tion. Convection also plays an important part in the 
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truofcr ot heat from the fire to the bnilcr; as the hoi gi 
pA^s fnim the fire through the flues and tulien, currenufl 
furmed that bring successive |K>rti()ns into contact withS 
boOer surface, thus enabling them to give up their heail 
the boiler. Heat is transmitted through the plates i 
tabes by coniluctiun and through the water in the boilcrtf 
ooHVcctiun. 

Si. Cirrtilatlon is the name given to the motion of tt* 
water unilet thi? influence of heat. The water nearest i*k 
pUte becomes heated, expands, and thus becoming lighter. 
rises to the lop. In consequence, cold water wiil flo» in 
from the sides and take its place, become heated in mtn. 
and rise. Now. the rapidity with which the transfer of heat 
by o-oireiTtirtO will take place naturally depends nn thf 
nipniity of the i-irculation. If this is interfered with, ibt 
tranter of heat will be slow; on the other hand, if thetir- 
culatko] i* free, the transfer of heat will be rapid. T»i 
«inAll extent the transfer of heat depends cm the qnality and 
i)iK'kii<-vso( the material through which the heat paasesbj 
-.■■■: thi- influence cf this, however, h.T^ e.vpen- 



39!^ W,iur .iR'ulation is essential to the eflicient opera- 
tion "f -1 Iv'iVr. Miice with a good circulation more uf the 
heat will K- .fU-Tlvvi hy the water and less will pass up ihf 
chimney KiirtiiiTiiuTo. a rapid circulation to a cerlaiti 
extent pn-veius ihc dej>osit of sediment carried in with tht 
fec<lwaier. It .<i-' londs m keep ail parts of the boiler ai a 
uniform temper.ii »re. 



nf ihc wattrr in a hnrizont:il return 
in }'ifi. 'M. Thi- heated water rise 
't the bntt-mof the shell, which i 
thus carrying the steam bubble 
watiT from the rear of the bnilc 
f tliiit \vhioh has risen, and tlni 
1 ihc ynuTuI direction indicate! 
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f the arrows. It will be noticed that tlie horizontal dircc- 
1 of the circulation is contrary to that of the gases from 
B furnace. In cylinder boilers ihe water is contained in a 

Pid mass, and there is nothing to interfere with the free 
culation. In flue boilers and t iibular boilers, however, the 




flues and tubes break up the body of water in such a manner 
as to cause numerous small currents that oppose the general 
direction of the circulation more or less. In order to have 
the circulation interfered with as little as possible, the tubes 
should not be spaced too closely together. 

40. Uniform Circulation. — It is one of the strong 
points of correctly designed water-tube boilers that the 
circulation is strong and uninterrupted by any opposing 
currents. This is accomplished by passing the water always 
in the same direction through the series of tubes. The 
difference between the cylindrical and water-tube boilers in 
I this respect may be illustrated as follows: The cylindri- 
ifeaX boiler with its mass of water may be compared to an 
■dinary kettle in the process of boiling (see Fig. 37). TIjc ^ 
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water rises rapidly around the outer edges and flows down, 
wards in the center. If, however, the fire is quickened, the 
upward and downward currents interfere with each other 
and the kettle boils over. 




The water-tuhe boiler is and should be identical in principle, 
with a U tube depending from a vessel filled with water with 
the heat applied to one leg (see Fig. 28). The circulat 
is set up immediately and proceeds quietly no matter ho* 
fierce the fire may be. 
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tETHODS OF CONNECTING BOILER 
PLATES. 

In the construction of a boiler, the following order of 
-ations is usually followed in the shop: ^he flat plates 
from the rolling mill are cut or sheared to the desired size; 
after being sheared they are placed in a machine that planes 
the rough edges. Next the rivet holes are punched or 
drilled in the edge of the plate. The plate is then passed 
through large rolls and bent to a cylindrical form in such 
a manner that the corresponding rivet holes in the two 
edges come opposite one another. One or two bolts are 
put through to hold the edges together, and the plate is 
then riveted. The heads are flanged and riveted in place. 
After the riveting is completed, the tubes are put in and 
expanded, the stays are put in place, and the boiler is ready 
for its setting. The details of construction will now be 
considered. 



RIVETIN'G. 
2, Rivets, — Common forms of rivets are shown in 
Figs, 1 to 5. In Figs. 1 and 'I are shown examples of hand 
riveting; in the first case, the head is hammered down to a 
cone, while in Fig. 3 the rivet has a cup, or snap, head. 
This form of head is produced by first hammering the rivet 

t roughly and then finishing the head by a cup-sha] 



ead. 

ivet ^^j 
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biittuu set. The dutlcd lines i 
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show the shape of the rivet shank before being upset by the 
hammer. 

3. The rivets shown in Figs, 3 and 4 are examples of 
machine riveting. The rivet is placed between two die» 
which are forced together by heavy steam or hydraulic pi 
sure. Tlie most important advantages of machine rivet 

! — "' — I ^ ..,__, 




are the following: By means of the force with which the 
plates can be held together while the head is being formed, 
a tighter joint can be made; the heavy pressure used to 
upset the rivet and form the head causes it to expand and 
fill the hole more completely than it will when headed by 
the blows of a hammer; when a large number of rivets 
is to be driven, machine riveting is cheaper than hand 
riveting. 

A rivet with countersunk head is shown in Fig. 5, Such 
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rii-eting is sometimes necessary where a smooth surface is 
needed for the attachment of 
boiler mountings. In Figs. 4 
and 5 the holes in the plates 
are countersunk slightly under j 
IJie rivet beads. This provides I 
;or an increase in the size of the J 
ivet just under the head and 
takes the rivet much stron; 
han is the case where the c 
nection between head and rivet 
forms a sharp angle, as in Figs. I, 2. and 3. 

As shown in the figures, the rivets, before being headed, 
slightly smaller than the hole, so that they may be 
isertcd easily. It is the general rule to make the rivet 
"hole -(ij inch larger than the rivet. When the work is 
properly done, the upsetting action of heading the rivets 
causes them to fill the holes when headed down. 
4. Riveted Joints of different forms are shown in 
K.Pigs. 6 to 9. When one plate overlaps the other and the 
two are joined with 
more lines 
of rivets, as shown 
in Figs. 6 and 7, 
the joint is said to 
be lap-rlvptecl. 
When, however, 
the plates are 
placed edge to 
edge, as in Figs. 8 
two plates, the 




ith one 



C Fig. 6 represents a single- riveted lap Jolnt< that is, 
^e plates are overlapped and joined with one row of rivets. 
IThe distance / from center to center of the rivet holes is 
'■called the pitch of the rivets. The distance / from the 
center line of the rivet hole is usually made IJ times the 
diameter rfof the rivet hole. 
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(loiililo-rlvetefl lap joint. The 
in the figure, which 
method is commonly 
called zt^KOK livet- 
Ing, or placed one 
behind the other, as 
in Fig. 9. Inthe lat- 
ter case the joint is 
fhaln-i-lveted. In a 
zigzag riveted joint, 
the distance from 
the center of one 
rivet to the center of 
the next rivet in the other row is called the dlanronal pitch. 
It is quite customary in boiler construction to single-rivet 
the girth seams and double-rivet the longitudinal seams, 
since the stress on the latter is twice that on the former, 
as will be shown further on. 




7, A butt Joint with a single cover-plale is shown in 
Fig. 8, while a butt joint with two cover-plates is shown in 
Fig. 9. Either may be 
riveted with one, two, 
or more rows of rivets; 
Fig. 9 shows an exam- 
ple of chain-riveting. 
A well-designed butt 
joint with two plates 
will be stronger than 
one with a single plate. 
Butt joints are gener- 
ally used for plates over 
^ inch thick and are taking the place of lap joints in good 
designs of smaller work. When one cover-plate is used on 
a butt joint, its thickness should not be less than Ij times 
the thickness of the plate; when two cover-plates are used, 
the thickness of each should not be less than about | of the 
plate thickness. 
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8. Arrangeuu'iit of Joluts auil Plut^s. — The plates of 
eiternally fired boilers should be arraiigud so that the riveted 
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Wherever a girth seam occurs, the longitudinal seams 
should break joint, as shown in Pig. 10. In order to make 



Joints are as far as possible from the fire. This may be } 

Accomplished by using extra large plates for the furnace 
end of the shell. 
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a tight joint where the three plates come together, the inner 
plate of the longitudinal joint must be hammered thin at 
the edge, as shown in Fig. 11. 



ooo! 
ooo 




In the construction of both vertical and horizontal shells, 
it is customary to have the inside lap facing dozi-nvariis, 
since if it faces upwards, a ledge is formed on which sedi- 
ment may be deposited. 

Since wrought-iron plates are stronger in the direction of 
the fiber, they should be arranged so that the fiber runs 
circumferentially around the shell; that is, in the direction 
of the girth seams. 



0. Connecting Flntes. — Different methods of connect- 
ng plates at right angles are shown in Figs. 13 to 15. In 



J 



Fig. 13 the two plates are riveted to an angle iron. This 
mnsiruction is used sometimes for connecting the heads of 
a boiler to the shell. As shown in Figs. 13 and 14. the head 
is flanged and riveted to the shell, while in Fig. 15 the head 
and shell are connected by a flanged ring. The methods of 
Connection shown in Figs. 13 and 14 are generally considered 




preferable to those shown in Figs. 12 and 15, since in the 

latter methods there are two joints to be kept tight, while 

1 the former there is but one. 

Iron or steel for flanging should be of the best quality. 

e radius of the curve to which the head is flanged should 

t at least i times the thickness of the plate. 



BOILER DETAILS. 



il3 



Some makers of large boilers prefer lo flange the end 
plates of the shell to receive the head, which is, conse- 
quently, a flat disk. 

In Figs. Ifi to 22 is shown the usual construction of the 
water legs and furnace doors of vertical and firebox boilers. 





Fig. 16 shows the door constructed by flanging the furnace 
sheet A and the front sheet of the boiler B. In the figure 
the joint is single -riveted, although it is frequently' double- 
riveted. An enlarged view of this construction is shown in 
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^^ ig. 17. The door C is generally made of cast iron and is 
"i^inged to a cast-iron frame that is usually held in position 
l>y four studs. Sometimes the frame is omitted and the 
^oor is made of wrought iron; it is then held in position by 

Kveting the hinges to the boiler. 
Around the lower emls of the water legs, or around the 
ittom of the furnace, and between the inside and outside 
f>lates is riveted a w rough t-iron ring D. In cheap boilers 
this ring is frequently made of cast iron. Instead of flan- 
ging both sheets as in Figs. Hi and 17, the furnace opening is 
sometimes constructed as shown in Figs. 18 and 19. A hole 
is cut in the outer sheet C, and the furnace sheet A is flanged. 
The flanged ring B is then riveted to the plates A and C, and 
forms the opening for the door. An enlarged view of this 
construction is shown in Fig. 19. A flanged ring ZJ, Fig. IR, 
is sometimes used at the bottom of the water leg in place of 
a wrought-iron ring D, Fig. IC, one of the flanges being riv- 
eted to the furnace plate and the other to the shell, as shoWn. 
An enlarged view of this construction is shown in Fig. 20. 
In Fig. 21 is shown another method of constructing the 
opening for the furnace door and the bottom of the water 
leg. In this construction the wrought-iron ring A is placed 
between the furnace plate B and the shell of the boiler C, 
and riveted to them. An enlarged view of this construction 
, is shown in Fig. 22. At the bottom of the water leg the 

Kurnace plate is flanged and riveted to the shell, as shown. 
lO. Rivet holes are either punched or drilled. Punch- 
ir,g, while cheaper than drilling, is generally believed to 
injure the plates, particularly if they are at all hard or 
brittle. Many makers punch the hole smaller than its 
I intended diameter and then ream it out, thus cutting away 
lithe injured metal around the holes. Annealing the plates 
Lafter punching will partly remove the injury. It is the 
['present practice of good boilermakers to drill all plates, 
Ithough this practice is not universal. 

11. Calkliifj! is an upsetting process applied to a riveted . 
foint in order to make it steam-tight. The operation 
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shown in Fig. ii. 



ound-nose calking tool is driven 
against the beveled edge 
of the upper plate, for- 
ing the metal in close 
I contact with the lower 
plate and effectually 
closing the seam. A tool 
with a sharp edge should 
P""- *•■ never be used, as it is 

liable to score the under plate and lead to grooving. 




THE BOILER SHELL. 



* 



STRESSES ON BOILER SHELLS. 

12. If the cylindrical shell shown in Fig. 24 is subjected 



to an internal pressure, thei 



I be two forces tending to 



rupture it. One force, indicated by the arrows ..4, A, act- 
ing in the direction of the length, tends to tear the shell in 
a transverse plane, as B 5,, The other force, indicated by 
the arrows C, C, acting perpendicular to the axis, tends to 
rupture the boiler in a longitudinal plane passing through 
the axis, as D D^ D^ D^. These two forces are opposed by 
the tenacity of the material of which the shell is composed. 
It is easy to see that the magnitude of the force tending to 
rupture the shell in a transverse plane is equal to the area 
of the head in square inches times the steam pressure per 
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square inch. As this force is resisted by the tenacity of the 
material, the magnitude of the tenacity being measured by 
the sectional area, the stress per square inch of section of 
the material is 

area of the head X pressure 
area of section 

13. It can be proved, both by mathematics and l)y exper- 
iment, that the magnitude of the force tending to rupture 
the shell in Fig. 24, in a longitudinal plane, is c(|ua] to the 
internal diameter multiplied by the length multiplied by the 
jiressure. 

To resist this force, we have the combined sectional area 
of the material of the two sides of the shell. Hence, the 
stress per square inch of section equals 

the internal diameter x the length x the y)ressure 

combined sectional area 

Suppose we have a plain cylindrical shell constructed of 

3ay convenient material. Let the inside diameter ])e 

•^^» inches, the length 120 inches, the thickness of the shell 

j inch, and the internal pressure to which it is subjected 

loo pounds per square inch. 

The pressure on the head and, consequently, the magni- 
tude of the force acting in the direction of the length, is 
•4ii' X .7854 X 100 = 101,7ST.S pounds. This force is resisted 
by the tenacity of 30. o"** X .Ts54 - 'M'r x .^S'Vl := -'S.-ITI 
square inches of material. Hence, the stress per scjuare 
inch of section is 101,7)^7.8 -r- -2^.4:1 = 3,/)::). 11 i)oun(is. The 
magnitude of the force acting perpendicular to the axis 
equals 30 X 120 X 100 = 43->,O0O pounds. The area of mate- 
rial resisting this force ecpials 120 x .25 X 2 -- TiO scjuarc 
inches; hence, the unit stress 432,0(i() -:- (io — ; /ion j)()un(ls 
per square inch. This shows that there is i,200 -^ ;),5Tr). 14, 
or about twice as much resistance to transverse rupture as 
there is to rupture in a longitudinal j)lane. Hence, it 
follows that, if the material is j)roportione(l to withstand 
the force perpendicular to the axis, it will possess ample 
strength in the other direction. 
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14. From the foregoing calculation, it is seen that the 
girth or transverse seams of a boiler need only be single- 
riveted when the longitudinal seams are double-riveted, or 
even triple-riveted. When the longitudinal seams are butt 
joints with two cover-plates and triple-riveted, the girth 
seams are usually double-riveted. 

BtmSTING ASn SAFE WORKIKG PRESStntBS. 

15. Theoretical Bursting: ITt-ssure. — For convenience 
in calculation, the length of the shell is taken as 1 inch. 
If a boiler is constructed of plates varying in thickness and 
tensile strength, the least thickness and the lowest tensile 
strength must be used in calculating the strength of the 
boiler. 

In a cylinder that is on the point of bursting, the resist- 
ance of the material to rupture must be equal to the force 
tending to cause rupture. Hence, a cylinder is on the 
point of bursting if the product of the diameter and pressure 
equals the product of twice the thickness of the cylinder 
and the ultimate tensile strength of the material of which 
it is composed. It will be noticed that the length of the 
cylinder has not been taken into account; the length has 
been assumed to be I inch, for the reason previously given. 
From arithmetic it should be plain that the bursting pres- 
sure equals 

twice the thickness X uUimatc tensile strength 
diameter 
This may be simplified by using the radius of the cylinder 1 
instead of the diameter. Then, as the radius is one-half ' 
the diameter, the bursting pressure would be 

thickness x ultimate tensile strength 
radius 
Let / ■= thickness of cylinder in inches; 
]i = internal radius in inches; 
5= ultimate tensile strength of the material; 
r= bursting pressure in pounds; 
f = safe working pressure in pounds. 
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Rale 1. — To find the bursting prtssuri ofacylindfr, divuif 
\ product of the thickness of the cylinder and the ultimate 
\tiU strength of the material bji the internal ratiiiis. 

b. .=- 

EXAHPLB.— A cast-iron pipe is 10 inches diameter and ^ incli thick, 
e tensile strength of the imn is 12,000 pounds. At what pressure 
Q the pipe burst ? 

.<JN. — Applvlng rule 1, we get 

P = * ^ '^•""" = 1.200 lb. per sq, in. Ans. 

F 16. The effluleut'j- of a Jolut may be defined as the 
pBtio of the strength of the joint to that of the solid plate. 
t is usually expressed in per cent., the strength of the solid 
late being considered as the unit (100). Thus, if the 
iciency of a joint is Sii per cent., it means that the strength 
t the joint bears the same proportion to the strength of 
s solid plate that 56 does to 100. 

117. The average emdcncles of rtvt-tfd joints are: 
■ a single-riveted lap joint, 5C per cent. ; for a double- 
Iveted lap joint, 70 per cent. ; for a triple-riveted lap joint, 
t per cent. ; for a double- riveted butt joint with two cover- 
lates, 7() per cent. ; for a triple-riveted butt joint with two 
bver-plates, 85 per cent. ; single-riveted and double-riveted 
PUtt joints with one cover-plate give about the same efficien- 
ies as single -riveted and double-riveted lap joints. 

18. Rule 1 applies to a cylinder without a seam weaker 
than the material of which the cylinder is constructed. But 
the longitudinal joints of the shell of a boiler are consider- 
ably weaker than the solid plate, and, consequently, a 
boiler shell will rupture at a pressure depending on the 
strength of its weakest part. Letydenote the efficiency of 
the joint, and let the other letters have the same meaning 

tas in the previous rule. Then, the bursting pressure of s 
boiler shell may be obtained from the following ridei 
, II. S. Il.-.'i 



u 
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Or, 



Uule 8. — Multiply the thitrkttiis of llu mattrial by its 
tensile strength and by the efficiency of the joint, in per cent. 
Difiiie the product by 100 times the internal radius. 
■ 'Sf 
KtO A'' 

In engineers' examinations, the calculation of the bursting 
pressure is one of the questions usually asked of candidates. 
Sometimes the efficiency of the joint is given, and sometimes 
the candidate is merely told what kind of joint is used. In 
the lalter case, use the average efficiency corresponding to 
the kind of joint, as given in Art. 17. 

Example, — A boiler 48 inches in diameter is constructed of steel 
plate 1 inch thick, having a tensile strength of 55.000 pounds per square 
inch. The longitudinal seam being a double-riveted lap joint, what is 
the bursting pressure ? 

Solution, — By Art. 18, the average efficiency of a double-riveted 
lap joint is 70 per cent. Then, applying rule 8, we get 
i X 55,000 X 

100 xV 



/• = ? 



= 401 lb. per sq, i 



, nearly. Ans. 



I 



19, Safe Worltlniy: Pressure. — Al! authorities are 
agreed that a boiler should not be worked at a pressure 
near the bursting pressure, but they disagree considerably 
upon what ratio the safe working pressure should bear to 
the bursting pressure. This will account for the different 
results obtained by using different formulas. It is believed 
that it is the most general practice to make the ratio of the 
safe working pressure to the bursting pressure 1 ; 5. Using 
this ratio, we have the following rule for safe working 
pressure : 

Rule 3. — Multiply the thickness of the material by its 
ultimate tensile strength and by the efficiency of the joint, in 
per cent. Divide the product by 500 times the internal radius. 

. rSf 



Or, 



ExAMPLS. — Taking the [ 
would you allow ? 



5il()^' 



Kample. what working pressure 
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Solution. — Applying the rule just given, we get 

^ i X 55.000 X 70 Q^ ^ ,. , . 

p = - — ^^ — = 80.2 lb. per sq. in., nearly. Ans. 

!80. Board of Bapervislngr Inspectors' Rules. — The 

Board of Supervising Inspectors of Steam Vessels prescribe 
the following rules, which, while only in force for marine 
boilers, are frequently used for stationary boilers : 

Rale 4. — To find the safe working pressure of a cylin- 
drical boiler having single-riveted lo7igitudinal scams, divide 
tfie product of the thickness of the shell and the ultimate ten- 
sile strength of tite material by 6 times the radius. 

Example. — ^What safe working pressure would be allowed on a boiler 
with single-riveted longitudinal seams constructed of material | inch 
thick and having a tensile strength of 50,000 pounds per square inch. 
The boiler is 48 inches in diameter. 

Solution. — Applying rule 4, we get 

^ 1X50.000 -0AO1U A 

p = ^-— — ^5— = 180.2 lb. per sq. m. Ans. 

Rule 6. — To find the safe working pressure of a cylin- 
drical boiler having double-riveted longitudinal scams, divide 
the product of the thickness of the shell and the ultimate ten- 
sile strength of the material by 5 times the radius. 

Or, / = 5 ^. 

Example. — ^A cylindrical boiler has the following dimensions: 
Diameter, 86 inches; thickness of shell, .25 inch; ultimate tensile 
strength of the material, 45,000 pounds per square inch. The seams 
being double-riveted, find the safe working pressure. 

Solution. — ^Applying rule 5, we have 

. .25x45,000 ,„^,, , 

P = — e .. <a — = 125 lb. per sq. m. Ans. 
X lo 

Rules 4 and 5 are based on a ratio of bursting pressure 
to safe working pressure of about 1 : 3.5; a ratio rather 
smaller than usually deemed advisable in stationary work. 
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31. The rules here given are applicable to new boilers. 
While in use. the plates will gradually waste away or lose 
in strength l)y the phenomena called grooving and honey- 
combing. In that case, the least thickness of plate should 
be used in calculating the working pressure. 

Furthermore, the student is cautioned against assuming 
that the strength of the shell by itself determines the safe j 
working pressure. A steam boiler is like a chain in that its I 
weakest part determines its strength. The strength of the 1 
bracing will also have to be taken into account, and if the 
bracing is weaker than the shell, the pressure must be 
reduced to suit the bracing. 



STAYING OF FL,AT SURFACES. 
23. Surfeces That Require Staj-lug.^The surfaces of 

steam-boiler shells are, in general, either cylindrical, hemi- 
spherical, or flat. A cylinder or a sphere subjected to an 
internal pressure is self-supporting ; that is, the pressure 
tends to maintain the cylindrical or spherical form of the 
vessel and hinders distortion instead of producing it. If 
the vessel is composed of flat surfaces, however, an internal 
pressure tends to distort it and give it an approximately 
spherical form. Then, as flat surfaces are not self-support- 
ing, it follows that they must be stayed or braced. 

33. The flat surfaces commonly found in stationary 
boilers are the boiler heads of the ordinary return- tubular 
boiler, and the heads, flat sides, and tops of flreboxes of 
internally fired boilers of the locomotive type. 



DIAGONAI, STATS. 

34. Cpoivfoot Braces. — The heads of stationary boilerar 
are supported in various ways. Probably the most common 
method is to support them by crowfoot braces, which are 
securely riveted to the head and the shell. The crowfoot 
brace is shown in Pig. %h [a). In this style of brace the 
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( Tijwfool, or part that is riveted to the he; 
welding flat bars to a cylindrical stem, 1 
part that is riveted to the 
shell, is also welded to the 
stem. An improved form 
- of crowfoot brace is the 
a McOregroi- brace, shown 

» Fig. 25 (*). This brace 

. formed by a piece of 

Rieet steel, bent in one 

s shown. Being 

preldless, it may naturally 

■ assumed, and the as- 

Tiption has been borne 

bt by experiments, that, 

equal cross-sect ic 
reas. it will bear a much 

■eater strain than the '** '^' '"^ 

lelded crowfoot brace, ''"^' *'^ 

1 be observed that the crowfoot of the McGregor brace 

( formed by splitting the sheet and bending it at a right 

ligle. In the Huston improved crowfoot brace, shown in 

. 25 (f), the crowfoot is formed by flanging the plate 

: which the brace is formed, thus giving probably the 

Hrongest form of crowfoot that can be devised. 




^^^ 



i^^ 



25. Another form of brace used occasionally, and 
ispecially for staying the lower part of the head of return- 
tubular boilers below the nest of tubes, is shown in Fig, 26, 
The end A, instead of 
being riveted to the 
head, is threaded and 
supplied with nuts and 
taper washers on each 
side of the head, as 
shown in Fig. 3fi, The 
''"'■ * washers have such a 

taper that when one of the faces rests against the head, the 




J. 



J 



18 



BOILER DETAILS. 



5 13 



I 



I 



Other is parallel to the faces of the nuts. The hole through 
which the stay passes is not threaded, but is made suffi- 
ciently large to allow the stay to pass through. In cheaper 
work, the brace is bent near the head, in order to pass 
through the head at a right angle, thus doing away with the 
taper washers. Mechanically considered, this is not such a 
good arrangement as the one shown in Fig. 21!, since the 
stress on the stay will tend to straighten out the bend and 
thus allow the head to buckle and give more than with the 
other design. 

26, Gusset staj-8 are occasionally used for staying the 
heads in large boilers. One of these stays is shown in 
Fig. 37. A gusset stay 
consists of an iron or steel 
plate, as ^, which is placed 
between angle irons, as 
B, B, which are securely 
riveted to the head and 
shell. The plate in turn 
is riveted to the angle 
irons. Gusset stays in- 
terfere considerably with 
examination and repair of the boilers, and owing to their 
absence of flexibility, often induce grooving and cracking of 
the head-plate. For these reasons they have not found 
much favor in the United States; however, they are largely 
used in Europe. 

37. Bru<^-hiK With jVnjelo Ii-ons or T Irons. — Small 
boilers carrying a rather low steam pressure occasionally 
have the heads braced by angle irons or T irons riveted 
to the head. For higher steam pressures, the angle irons 
or T irons may in turn be supported by braces, as shown 
in Fig. 28, one end of which is riveted to the shell and the 
other end either forked to straddle the leg of the T iron 
or flattened to go between two angle irons. Connection 
between the angle iron or T iron and the brace is then made 




by a cotter, and, in better work, by a Imlt and nut. The 
stays so far shown are known technically as dla^ironiil slays, 
so called because they are _- 

inclined to tht surfaces f ^^ 
they support. 



t 
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28. For large boilers 

carrying high pressures, 

the most direct way of 

supporting the heads is 

to use through stayrods 

spaced about l-l inches 

from center to center. 

These, in the best c(in- 

siruction, as shown in 

Fig. 29. are rods passing 

through both heads and 

[irovided with nuts and 

washers on both sides of 

the heads, A large washer ''"' ** 

on the outside, or a reenforcing leaf, is often riveted to the 
head, which reduces 
the bulging under 
pressure and allows 
the stayrods to be 
widely spaced. Chan- 
nel irons riveted to 
the inside of the bead, 
and in turn supported 
by stayrods. have also 
been "used for high- 
FiG. 29. pressure boilers. 

Staybolts. — For staying the flat surfaces of the 
rater legs of boilers of the locomotive type, the usual and 




>st direct method i 
I shown in Fig. : 



use screw staybolts, one of which 
These screw staylwlls are screwed 
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both into the inside and outside sheets and then riveted 
over at both ends while cold. Staybolts for these surfaces 
being subjected to a great deal of alternating bending stress 



(in addition to a direct tensile stress) will sooner or later 
break off dose to ihe .sheets. In order to give warn^ 
ing of this, in good work, holes as a in Fig. 31 are 




drilled axially in the center uf each staybolt and extend at 
least i inch beyond the internal surface of the sheets. 
Should a bolt break, the steam or water issuing from the 
hole will give warning of the brcal*. In boilers coming 
under the supervision of the United States Steam Vessel 
Inspection Service, screw staybolts are not allowed to be 
used any more unless they are drilled at each end in the 
manner explained, 

30. Hollow Forgpd Staybolts.— Within the last few 
years hollow forged staybolts have been placed on the mar- 
ket, in which a hole extends axially ail through the bolt. 
Staybolts of this kind possess more flexibility than solid 
bolts, and, of course, will give due warning of a break no 
matter where it may occur. 

Instead of riveting over the end of staybolts, they may be 
fitted with a nut on the outside of the sheet. While this is 



I. 
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lie common practice in marine boilers of the Scotch type, 
is rarely done in stationary boilers. 

For high-grade work some bullermakers will turn down 
,e thread on the part of the stayboU between the two sheets, 
I shown in Fig. 31. This is an excellent practice, as it not 
ily renders the staybolt more flexible, but also lends to 
duce corrosion by exposing a much smaller surface to the 
irrosive action of the water. The stays here shown are at 
right angle to the surface they support, and are called 
;et staj-s. 



GIRDER STAYS. 

31. The upper plate or ei-own sheet of the furnace of 
c type is supported 



.temally fired boilers of the Itn 




n various ways. Probably the most common method is to 
npport it by staybolts screwed and riveted to the sheet 
ind suspended from girder rr » C 



^^ 



¥ 



ta.y», as A in Fig. i 
These girder stays, one 
which is shown in detail 
Fig. 33, may in turn be ' 
supported by the slln^ ^"'" ^' 

stays £, E, Fig. 3:J, which are cottered to the angle-iron 
Ifing F^ or may instead be riveted directly to the shell. Some 
makers of loeomotive-type boilers condemn this arrange- 
ment as interfering too much with examination and repair; 



23 



BOILER DETAILS. 



513 




I 



they make the girder stays of sufficient strength to support 
the staybolts. Two methods of suspending the staybolts 
aru shown in Fig. 34, of 
which the one shown 
at the left is the most 
_commonone. The head 
is formed with lugs 
D, D, which prevent 
the spreading of the 
girders. When tlie 
crown sheet of a loco- 
motive-type boiler is 
cylindrical, or approxi- 
mately cylindrical, it is often supported by long stays screwed 
and riveted both into the shell and into the crown sheet. 

32. Fastening Tubes to Heads. — Boiler tubes up to 
5 inches in diameter are generally fastened and made steam- 
tight by expanding them into holes cut into the heads. The 
tubes are cut off to a length about ^ inch in excess of the 
outside length between the sheets which are to receive them ; 
they are then driven into place until half of their excess in 
length projects beyond each tube sheet. The expander is now 
inserted and the tube expanded tightly into its hole; the 
projecting ends of the tubes are then nicely beaded over. 
Tubes and flues above 5 inches in diameter are commonly 
riveted to the heads, which are flanged to receive the tube. 

33. For expanding the tubes, a Dudgeon roUer-tube 
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consists of a body A provided with thi"ee slots for the recep- 
tion of the rollers a, a, a. A plate B, fastened to the body 
by the three screws r, c, r, prevents any longitudinal move- 
ment of the rollers. The rollers are forced outwards and 
rotated by the taper pin C, which is provided with a head 
perforated with two holes at right angles to each other. To 
make the expander adjustable for different thicknesses of 
tube sheets, the hood D may be moved longitudinally and 
may be locked in any desired position by means of a small 
taper pin d, which is driven inwards to lock the hood. The 
operation of the expander is as follows: The expander is 
pushed into the tube, the projections D\ D" limiting the 
depth to which the tool may be inserted. A sharp blow with 
a copper hammer is struck on the head of the pin C, forcing 
it inwards, and, hence, the rollers outwards. Next, a bar 
is inserted into one of the holes in the head and the pin 
rotated ; the friction between the pin and the rollers causes 
the rollers, and, consequently, the whole tool, to rotate; this 
operation expands the tube. 



^\t 
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THE SAFETY VALVE. 

■ 1, Pappose of Safety Valvo. — The safety valve is 
Cached to the boiler to prevent the steam pressure from 
eing above a certain point. Suppose a boiler is genera- 
Big steam faster than the engine uses it; it is plain that a 
■ge quantity of steam is crowded continually into the 
I space of the boiler. The necessary result is a rise in 
he pressure of the steam. If the pressure continues to 
1 becomes greater than the boiler is able to with- 
and, and an explosion occurs. It is the duty of the safety 
ilve to prevent this increase of pressure. 
I 2. Welffhtlng of Safety Val-ves — The safety valve con- 
ists simply of a plate, or disk, fitting over a hole in the 
toiler shell. This plate is held to its place in one of three 
bays: (1) By a dead weight; (3) by a weight on a lever; 
I by a spring. 

The weight or spring is so adjusted that when the steam 
reaches the desired pressure, the disk is raised from its seat, 
and the surplus steam escapes through the opening in the 
shell. 

3. Itead-Welglit Safety Valve. — The dead-weight 
form of safety valve, while quite popular in Europe, has 
not found favor in America, since the high steam pressures 
now used require an e.itremely heavy weight. Dead-weight 
safety valves possess one great advantage over other types: 
it is difficult to overload them. The weights are so large 
that it would take a considerable added weight to materially 
raise the blowing-off pressure, and any added weight could 
idily be seen by the engineer. 

copyrighl. soepflKoiniinediKlcly (cillowiin; thu tftla pi»((B, 
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4. T*ver Safety A'alves. — Twn forms of lever safety 
valves are shown in Figs. ] and -i. The valve J 'is held to 



\ 




its seat by the weighted lever /,. The weight IT is adjust- 
able along the lever, so that the valve may be set to blow 
ofE at various steam pressures. 




The valve shown in Fig. 1 is attached directly to tne 
boiler shell; the steam enters from the boiler at S and is 
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discharged through the orifice A'. The valve shown in 
Fig. 3 differs from the other in l>eing attached to the supply 
pipe. The steam passes on its way from the boiler through 
the passage ,'*('. When the pressure rises above the nor- 
mal pressure, the valve I'opens and the steam escapes into 
the air through the opening A'. 

The lever L is usually provided with several notches, each 
notch corresponding to a certain blow-off pressure. It is 
plain that the nearer the end of the lever the weight is 
placed, the higher will be the biowotf pressure. 



5> Sprtnjc saftitf valves 

arc largely used at present, 

especially on locomotive and 

marine boilers. The valve is 

held to its seat by a spring 

acting either directly on it 

or on a short lever. The 

Crosby "pop" safety valve 

is shown in Fig. 3. The 

main valve (' is held down 

on the two circular seats J/ 

r and A'by thespringSacting 

( on the rod T. The outer 

[ seat jV is formed on the body 

I A of the valve, while the 

r and smaller seat M is 

I formed on the upper edge 

\ of a cylindrical chamber /i 

\ that is connected to the 

\ body A by arms containing 

passages C, C. The 

I hollow chamber B forms a 

■'guide for the v.iIvl- /'. 

[Ordinarily, the sltam ';x(.-rts 

pressure on ihi: space 

fbetween M and .V; when 

ftlhe valve rises a little, the 
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steam rushes over the scat N into the air and over the ' 
seat M into the chamber /i, whence it escapes through the 
channels C, C. The channels are, however, not large enough 
to allow the steam to escape from the chamber as fast as it 
enters, and hence the pressure in the chamber rises and acts 
on the area inside the seat J/. This additional pressure 
throws the valve wide open and quickly relieves the pressure 
in the boiler. 

In this form of valve the blow-off pressure may be 
changed by altering the tension of the spring; thus, screw- 
ing down the hollow bolt at the top of the spring (Fig. 3) 
compresses the spring and raises the blow-off pressure. 



IlIRECTIONS FOR l'9E AJiD CARE OF S^VFETT V.VL>'Ea. 

6. See that the safety valve is attached directly to the 
boiler. If there is a stop-valve between the valve and 
boiler, have it removed or arranged so that it cannot be 
shut. 

Take care that the valve does not become corroded and 
stick to its seat. It is a good plan to frequently lift the 
valve from the seat and see whether or not it frorks freely. 

Do not overload the valve or increase the tension of the 
spring, and take care that it is not done by others. 

When the blow-off pressure is fixed, the weights are often 
locked in position by the boiler inspector and should not be 
changed. 

7. In practice, the position of the weight on the lever is 
usually found by trial in preference to finding it by calcula- 
tion. Most safety-valve levers are notched and have figures 
stamped below the notch, which are supposed to represent 
the pressure per square inch at which the valve will blow 
off when the weight rests in the notch. However, since it 
may be possible that the notches have not been correctly 
located, it is good practice to check the graduation by an 
actual trial. To do so, get up steam on the boiler, and as 
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soon as the steam gauge shows the blow-off pressure, shift 

the weight until the valve just commences to blow off. 

Then fasten or lock the weight, if possible, so it may not 

be shifted accidentally. Before adjusting the position of 

the weight, make sure that all parts of the valve work 

freely and that the steam gauge is correct. 

8. After adjustment, the valve should occasionally be 
tested by comparing its blowing-off point with the pressure 
shown by the steam gauge. If the steam gauge indicates a 
higher pressure, it shows one of two things: either the 
steam gauge has become impaired or the valve is out of 
order. If there is reason to suspect the steam gauge, have 
it tested. At any rate, however, in order to be on the safe 
side, the steam gauge may be assumed to be correct and 
the valve then examined to see if everything works freely. 
If found so, and the weight is still at the same mark, it is 
reasonable to conclude that the gauge is out of order. 

9. It is common practice in some localities to connect a 
pipe to the blow-off side of the safety valve for the purpose 
of carrying the steam blown off out of the boiler room. 
Such an escape pipe, while harmless enough when of suf- 
ficient area and»-kept well drained, may become a source of 
danger if no provision is made for draining it constantly. 
Instances are not rare where, owing to the absence of a 
drain pipe, the escape pipe has become filled with water, 
thus adding greatly to the external force on the valve and 
rendering it inoperative for the blow-off pressure for which 
it was set. When an escape pipe is used at all, it should 
not be of smaller diameter than the valve, and should have 
a drain pipe of ample size at its lowest point. No cock or 
valve should under any circumstances be placed in this drain 
pipe. Many engineers will not allow an escape pipe to be 
used under any consideration, claiming that with it, it is 
frequently impossible to know by sound whether the safety 
valve is blowing off. Safety valves should in all cases be so 
fitted that it is an absolute impossibility to shut off connec- 
tion between the boiler and its safety valve. 

H. S. 11—23 
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CALCl'I-ATIOXS RET^TING TO SAFETY TAIiVES.! 

10. General I*rlnelple8,— No safety valve can open I 
without a slight increase of pressure above that for which! 
it is set, since, in order to lift the valve, the pressure on I 
the under side of the valve, which we may call the internal 1 
or upward force, must exceed the external or downward! 
force on the valve plus the friction of the mechanism of the I 
valve. If the internal and the external forces upon thsl 
valve are equal, the valve will be in equilibrium (balanced), J 
and an increase of the internal force will cause it to open. ' 
A safety valve will not close until the pressure has been 
reduced somewhat below the pressure at which the valve 
opened. 

The point at which a safety valve wiil blow off depends 
on the external force on the valve. To be in equilibrii 
the external load exerting a downward pressure on the 
valve must be equal to the internal force exerting an. 
upward pressure on the under face of the valve. Evi- 
dently the upward pressure is equal to the area of the 
valve multiplied by the pressure per unit of area. 

Whenever the word "pressure" is used in relation to 
calculations pertaining to safety valves, the Kaugre ppessiire 
is meant, unless otherwise stated. 

> that part that rect 

Suppose that we have a dead-weight safety valve having 
a diameter of 4 inches and an external load or force con- 
sisting of the valve and stem, the supporting plate, and the jj 
weights, equal to 815.8 pounds; it is desired to know the 
pressure at which the valve will open. Since the internal 
and external forces must balance, it is evident that 81.5.8 
= 4' X .7854 X steam pressure in pounds per square inch. 

Prom this we get -j ' — fiS pounds per square inch, 

nearly, the pressure at which the valve is about to open. 

11. In the lever safety valve shown in Fig. 2, the external 

load depends on the position of the wciyht II' on the lever L. 



I 
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THere ihe same general law holds good; the external and 
the internal forces must be equal before the valve is about 
■*o open. The internal foree, as stated before, is the area 
of the valve times the steam pressure. The downward 
<orce on the valve may be found as follows: Suppose we 
place the weight P, Fig. 4, weighing 100 pounds, directly 




1 top of the valve stem C. Evidently the downward force 
I now equal to the weight of the weight /'. Suppose now 
he weight is removed to the position shown in the . 
the weight's distance d from the fulcrum being 
(times greater than the distance a from the fulcrum to the 
alter line of the valve. Evidently the effect of the weight 
1 the valve stem will now be 6 times greater; that is, the 
bwnward force will be 6 X 100 — 600 pounds. Hence, to" 
iDd the downward force, we divide the distance d by the ■ 
pstance a and multiply the quotient by the weight of- the 
Sight P. 

I As the valve and stem have a certain weight, the external 

>rce is increased an amount equal to that of the weight 

': the valve and stem in pounds. Furthermore, the lever 

Iks a certain weight, and this, acting at the center of gravity 

E the lever, adds a certain amount to the downward force. 

This amount is equal to the product of the distance from 

the fulcrum of the lever to its center of gravity and the 

weight of the lever, divided by the distance from the fulcrum 

to the center line of the valve. 



13. The distance to ihe center of gravity of ll-»e \^;vtt 
may be found by balancing the lever on a knife ct\^ 
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measuring the distance from the center of the fulcrum to 
the knife edge. If this should not be feasible, the center 
of gravity must be found by calculation. In engineers' 
examinations, the lever is usually given as straight and 
parallel, in which case the distance from the fulcrum to the 
center of gravity of the lever should be taken as equal to 
one-half the length of the lever. 

The amount of the downward force on the valve due to 
the weight of the lever may be found directly by attaching 
a spring balance by a cord to the lever at the point at which 
it acts upon the valve stem. The spring balance will indi- 
cate the correct downward force in pounds. 

Now, to have the valve balance, the area of the valve 
times the steam pressure {the upward force) must equal the 
weight times the distance from the fulcrum to the weight 
divided by the distance from the fulcrum to the center line 
of the valve; to this downward force must lie added the 
additional downward force due to the weight of the valve, 
stem, and lever {the external force). 

13. Illustrative Example. ^How to find the pressure 
per square inch at which a safety valve is about to blow off 
may best be explained by the following example: Suppose 
■that we have a safety valve of the following dimensions: 
Let the area of the valve be 13.5fi0 square inches; the 
distance from the fulcrum to the center line of the valve, 
4 inches; the weight is to weigh J 35. 3 pounds; the length of 
the lever is to be 36 inches; the weight of the valve and 
stem, 9.2 pounds; and the downward force due to the weight 
of the lever, as found by one of the three methods previously 
explained, 150 pounds. From what has been explained 
above, it should be clear that the valve balances, or is in 
equilibrium, if the steam pressure X la.SCO = 135.S X 38 
^4-1- 9.2-1- 150. That is, the steam pressure x 12.668 
= 1,371). 

From arithmetic, it should be plain that the steam pressure 

- h^l^ 
" 13.566 



- 109.5 pounds per square inuh. 
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14, Rules for Safety- Valve Calculations. — 

Let A = area of valve in square inches ; 

D = distance from center line of valve to fulcrum, 

measured in inches; 
L = distance of weight from fulcrum in inches; 
P = steam pressure in pounds per square inch ; 
ir= weight of the weight on lever in pounds; 
w = weight of valve and stem in pounds plus the 

downward pressure due to weight of lever. 

Rale 1. — To find the pressure at zchich a safety valve is 
about to blozu off:, multiply the weight by the length of the 
letter and divide this product by the distance from the fulcrum 
to the center line of the valve. To the quotient add the dou'n- 
ward pressure on the valve due to the weight of the valve^ 
stem^ and letter ^ and divide the sum by the area of the valve. 

WL , 
Or, />= - 



A 

Example. — The area of a lever safety valve is 11 square inches; the 
distance from the center line of the valve to the fulcrum, 4^ inches; 
the distance of the weif^rht from the fulcrum, 35 inches; its wcif«[hi. 
125 pounds; the weight of valve and stem plus the dt)wnward pressure 
due to the weight of the lever equals 187 pounds. Find the pressure 
per square inch at which the valve is about to open. 

SoLUTiofi. — Applying rule 1, we have 

P = '- — ^ = 100.8 lb. |>er sq. in. Ans. 

To explain how to find where a given weight must be 
placed on the lever in order that the safety valve may be 
about to blow off at a given pressure, we will take the exam- 
ple previously made use of. The j)ressure was found to bo 
109.5 pounds per square inch; hence, the total upward force 
is 109.5 X 12.5GG = l,:{7o.9?7, say 1,;{7<) pounds. This force 
is partially balanced by the weight of the valve and stem 
and the downward force due to the weight of the lever. 
Consequently, the total upward force = l,:iTO — (150+ 9.t>) 
= 1,216.8 pounds, is to be balanced by the downward force. 
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As the downward force, as previously explained, is the weight 

times the length of the lever divided by the distance from the 

fulcrum to the center line of the valve, it should be plain that 

., ... .,., . . -,,„,„„ 135.2 X the lever 
thevalveismequilibrmmagam, It 1,210.8 = j . 

That is, 1,216.8 = 33.8 X the lever. 

Hence, length of lever = • ■ " = 36 inches. 

Rule S. — To find the distance from the fulcrum to tf/icrt- the 
■weight tnust act in order to have the %<alve blenv off at a given 
pressure, subtract the downivard force due to the weight of 
the va/ve, stem, and lever, from the product of the area and 
the steam pressure. Multiply the remainder by the distance 
from the fulcrum to the center line of the valve and ditnde 
this product by the weight. 

Or ^_ {AP^-ui)D 

ExAMPLK,— At what dLstance trom the fulcrum must a weight of 
150 pounds act in order that the valve may be about to blow oS at 
100 pounds pressure, the diameter of the valve being 31 inches; the 
distance from the fulcrum to tlie center line of the valve 44 inches; 
and the downward force due to the weight of valve, stem, and lever 
125 pounds ? 

Solution.— Applying rule 2. we get, since area = (3f)* x .T954 
— 11.04 square inches, 

_ (11.04 X 100 - 125) X 4.5 _ gg „ , .^ 

15. It is desired to find the weight that must be placed 
on a lever to have the valve blow off at a given pressure: 

Using the same example as in the other explanations, 

the unbalanced upward force, as previously found, is 

1,210,8 pounds. 

rrii- 1 11 f -, 1... ,1 weight X 30 
The valve balances if 1,210.8 = ^— . 

That is, 1,210.8 = weight ) 
= 135.3 pounds. 

Rule 3. — To find the weight that must act on a lever at 
a given distance from the fulcrum se that the valve is 
about to blow off at a given pressure, subtract the downward 
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' force dttf to Ike ivcight of the vake, stem, and lever from the 
product of the area and the steam pressure. Multiply the 
remainder by the distance from the fnlcrum to the center line 
pf the xialve, and diinde this froduct by the distance from the 
fulcrum at which the weight is to act. 

ExAMPLK. — A safety valve has the following dimensions: Area of 
Ihe valve, 15.7 square inches ; length of lever. 48 inches ; distance from 
fulcrum to center line of the valve, 5 inches; the downward furi'C due 
to ihe weight of the valve, stem, and li-ver is 1M3 ]Hiunds. Find llie 
weight if the valve is about to blow ofT at G4 pounds pressure. 
—Applying rule 3, we get 
(15.7 X 64- 183) XH _ 
48 



)f^ = ""-'^";:'"-'^" = »*5.7llb. Ans, 



NoTE.^The student should thoroughly familiarize himself with the 
calculations pertaining to lever -safety valves, as a candidate (or an 
engineer'* license is usi'ally asked to solve safety-valve problems 
similar to those given here. 

Spring-loaded and pop safety valves are adjusted under 
pressure by comparison with an accurate steam gauge. No 
rules can be given by which to calculate the point at which 
they will blow off. 

EXAMPLES FOR PR,VCTICE. 

A dead -weight safety valve having an area of 13 square inches 
be on the point of blowing off at "S pounds pressure, absolute; 
find the weight. Ans. 733.6 lb. 

At what pressure will a safety valve of the following dimensions 
blow off: Area of valve, 10 square inches; distance from the valve to 
the fulcrum, 3 inches: length of lever (the distance from the fulcrum 
to the point where the weight acts), 80 inches; weight of the weight, 
83,1 pounds; weight of valve and stem. 5 pounds; weight of lever. 
12 pounds; total length of lever, 32 inches ? The lever is straight and 
parallel. Ans. 90 lb. 

Suppose all the quantities to remain the same as in the last 
example, except that the valve is to blow off at 75 pounds pressure. 
At what distance from the fulcrum must the weight be placed ? 

Ans, W.M in. 

All quantities remaining Ihe same as in enample 3, except that 
the valve is to blow off at 93 pounds pressure, find the weight that 
must be placed on the lever. *— TiAXb. 
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TUE STEAM (JAUGE. 

IG. Construction, — ^The steam Range indicates the 
pressure of the steam contained in the boiler. 

The most common form is the Bounlon pressure K^uge, 
Fig. 5. It consists of a tube n of elliptical cross -sect ion, 
which is filled with 
water and con- 
nected at b with. a 
pipe leading to the 
boiler. The two 
ends f are closed 
and are attached to 
a link, which is 
in turn connected 
with a quadrant f, 
this quadrant gears 
uith a pinion / on 
the axis of the 
mdex pointer g. 
\\ hen the water 
contained in the el- 
liptical tube is sub- 
*""' -^ jected to pressure, 

the tube tends to take a circular form, and, as a whole, 
straightens out, throwing out the free ends a distance pro- 
portional to the pressure. The movement of the free ends 
is transmitted to the pointer by the link, rack, and pinion, 
and the pressure is thus recorded on the graduated dial. 

17. Methods of Graduation. — Pressure gauges for 
indicating steam pressure are invariably graduated to indi- 
cate pressure above (hat of the atmosphere, in pounds per 
square inch, and show how much the pressure has been 
inereased above the atmospheric pressure. When pressure 
gauges are used for indicating the pressure in the condenser, 
they are called vacuum KO'Ugres, and are invariably gradu- 
ated to show in inches of mercury how much the pressure 
has been decreased below that of the atmosphere. Then, to 
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find the absolute pressure, the vacuum-gauge reading must 
be subtracted from 30, and the pressure will then be given 
in inches of mercury. To obtain the absolute pressure in 
pounds per square inch, multiply the difference between the 
gauge reading and 30 by .49. Thus, if the vacuum gauge 
indicates 25 inches, the absolute pressure in the condenser 
is (30 — 25) X .49 = 2.45 pounds per square inch. 

18. Rale for Absolute Pressure. — The rule just given 
is entirely correct for normal atmospheric conditions at sea 
level. Since the pressure of the atmosphere decreases, how- 
ever, with every increase of altitude, and, furthermore, since 
the pressure of the atmosphere at the same place is not con- 
stant, but varies between certain limits, it is better, if accu- 
racy is desired, to use the following general rule : 

Rule 4. — To find the absolute pressure shoivn by a vacuum 
gauge, subtract the vacuum-gauge reading from the reading 
of tlie barometer and multiply the difference by ,Jfi. 

Example. — What is the absolute pressure if the vacuum gauge indi- 
cates 19 inches, while the barometer stands at 26 inches ? 

Solution. — Applying the rule just given, we get 

(26 - 19) X .49 = 3.43 lb. Ans. 

19. Compound steam g^aug^es are occasionally met 
with in which the left-hand part of the dial indicates 
vacuum in inches of mercury and the right-hand part 
pounds per square inch above the atmospheric pressure. 
They are usually found attached to the receivers of cross- 
compound condensing engines. 

20. Methods of Connecting: Gaugre to Boiler. — The 

gauge should be connected to the boiler in such a manner 
that it will neither be injured by heat nor indicate a 
wrong pressure. To prevent injury from heat, a so-called 
siphon, which may be made as shown at a and ^, Fig. 0, 
is usually placed between the gauge and the boiler. This 
siphon in a short time becomes filled with condensed 
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steam that protects the spring of the gauge from the 
injury the hot steam 
would cause. Care should 
be taken not to locate the 
Steam-gauge, pipe near 
thu main steam outlet 
of the boiler, since this 
may cause the gauge to 
indicate a lower pressure 
than really exists. In 
locating the steam gauge, 
care must also be taken 
not to run the connecting 
pipe in such a manner that 
the accumulation of water 
in it will cause an extra 
pressure to be shown. 




SI, Vibration and Sticking of Pointer.— While the 
engine is running, it will often be noticed that the pointer 
of the gauge vibrates so much that the pressure cannot be 
read. This can be prevented by partially closing the cock 
below the steam gauge. The greatest of care roust be 
used, however, to prevent an entire closing of the cock. 
The pointer of a steam gauge will stick occasionally and 
just when least expected; hence, experienced engineers 
always jar the gauge a little in order to dislodge any foreign 
matter that may be preventing movement of the pointer 
before they accept its indication as correct, 

28. Xioss of Accuracy. — Steam gauges will lose their 
accuracy after they have been in use for some time, owing 
to the spring losing its elasticity or taking a permanent set- 
In this case the gauge will indicate a pressure higher than 
the actual pressure in the boiler. This can usually be dis- 
covered by the pointer failing to return to the zero mark 
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when there is no pressure in the boiler. If the pressure 
apparently indicated when there is no pressure be subtracted 
from the pressure indicated when the boiler is under steam, 
the correct pressure will be given approximately. However, 
when a gauge shows a wrong pressure, a new one should be 
immediately substituted and the old one discarded or sent 
to the maker for repair. 

33. Testingr* — When inspecting boilers, the inspectors 
of boiler-insurance companies or municipal boiler inspectors, 
usually test all steam gauges in the plant by comparison 
with an accurate test gauge. The gauge to be tested and 
the test gauge are both attached to a vessel in which the 
pressure is raised by means of a small force pump, and the 
readings of the two gauges are compared at different 
pressures. 

34. Checklngr* — ^As previously explained, the safety 
valve can be checked by means of the steam gauge when 
the latter is known to be accurate. Conversely, when the 
safety valve is known to be set correctly, the steam gauge 
can be checked for the blow-off pressure by watching its 
indication when the valve just blows off. If a steam gauge 
shows an error of more than five pounds, it will be con- 
demned by most boiler inspectors. Steam gauges should be 
taken off at least once a month and the connecting pipe 
cleared by blowing steam through it. When the gauge is 
off, see that the hole in the nipple is perfectly clear. 

35. Number of Gaug^cs I'sed. — (Jood practice demands 
that one steam gauge should be attached to each boiler 
where there is more than one boiler used. In some regions, 
however, it is not uncommon to see one steam gauge do 
duty for a whole battery of boilers. Such an arrangement 
has nothing but cheapness to recommend it and is severely 
condemned by most engineers. 

36. "Repair. — With some kinds of water the spring of 
the steam gauge will corrode. Under no circumstances 
attempt to fix a corroded spring by soldering up the hole or 



holeiL Instead of this, senij the yauge tu the maker to bin 
a new spring fitted aotl adjusted. When replacing the 
gauge after taking it off. make sir* tliat the ral« in ite 
steam-gauge pipe is opened before going farther and ikii 
make sure that the gauge is operative. It has happens! in 
numerous instaaccs in putting up the piping with uniuut 
that the gasket placed between the two parts of the uoim 
has been so large that \a tightening the nut it has l«a 
M|ucvx«d out so as to completely stop the bole in the pipr, 
thus preventing the gauge from showing the pressure. 
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OAl-«E-COCKS. 

37. Purpose and Looatlon. — Ganiee-eocks are simple 

valves or cocks that are attached to the boiler for the pur- 
pose of testing the level of the water. The cocks, usoall; 
three in number, are placed either on the head or shell «" 

ilu-y arc- aiiacheci co ihe water cniumn. The lowest ciick i? 
;)l;ui-il iit thf lowest level that the water may safel_v atlain 
;iiiii llu' ii|>[)i.Tmiist cock at the highest desirable level. On 
ii|M:niii;j a rock above the water level, steam will issue forth, 
anil nri o|>enLiij]; nin; below the water level, water will api>ear, 
Hi-iKc. tlu' level may be easify located by opening the ciHrk; 
in siie< cssiun. The lowest cock should be located alxiul 
:i iiulus aliove the lowest water level advisable, which, in 
lase of a reltirn-t ubular boiler, would be 3 inches above the 
iip|ier roH- of tubes, ;iiui in a boiler of the lc)comotive tvpe 
alioiil ;i inches above tlie bijihest part of the crown sheet. 



'iS. The Kiiiiiro Kltis.w is a kI-i^s tube whose lower end 

iiiiiiiitiii;ites with the water space of the boiler and whose 
i|»i- em! is in communication with the steam space. 
vwv, I be level of the water in the gauge should be the 



same as in the boiler. Boilers in good work 
K-ith both cocks and gauges. Fig. 7 shows a i 
jf gauge-glass connection. The lower fitting 
ainnecls with the water space and the upper 
filling with the steam space of the boiler. A 
drip cock is placed at the lower end of the 
glass for the purpose of draining it. The 
fittings may be screwed directly into the 
boiler head. The gauge should be so located 
that the water will show in the middle of the 
fjjuge glass when at its proper level in the 
builer. 



WATEll COLUMNS. 

39. Gauge-cocks and glass water gauges 
connected directly to the boiler head are 
open to the objection that the violent ebulli- 
tion at the surface of the water will cause 
them to indicate a wrong water level. To 
overcome this objection, they are frequently 
[il;iced on a separate fitting known as a ^vate^ ''"'■ ''■ 

coluinQ, which consists of a large hollow tube with its ends 
I iinnecting with the steam and water spaces of the boiler far 
■nuugh above and below the water level to be out of reach 
' f the violent ebullition of the surface of the water. 




30. Fig. 8 shows an arrangement of water column, 
l^auge glass, gauge-cocks, and steam g'luge that is recom- 
mended by the Hartford Boiler Insurance Company, 
where // is a round cast-iron column whose inside diameter 
is about -i inches. The upper end communicates with the 
steam space of the boiler by means of the pipe connection / 
and the lower end with the water space through the pipe 
connection _/. A drip pipe K is used for removing the 
condensed water from the column. The water glass A com- 
municates with the column through the connections /, and A/. 
There are three gauge-cocks, i,j, and k. The center line of 



18 



BOILER FITTINGS. 



in 

the lowest one k should be located at least 3 inches above 
the level of the tops of the upper row of tubes in the boiler 
to insure that they may be always covered with water. The 
pressure gauge is connected to the 
pipe / by means of the inverted 
I siphon pipe/*, which answers the 
purpose as the beiids in 
Fig. G. 

VBE XSn CAKE OF GAUQE OI^SS 
AND WATEB COI.FMN. 

31. Too much reliance must 
not he placed on the gauge glass. 
If the water is muddy or contains 
soda, it is liable to foam, and the 
glass cannot give the true water 
level. Again, the connections 
between the glass and boiler may 
become so filled with incrusta- 
tion that scarcely any water 
can enter the gauge. To prevent 
this, the glass should be blown 
out frequently. The water gauge 
and water column should be 
tested at least once a day. When 
the water gauge is attached 
directly to the head, open the 
drain cock to blow out the glass. 
Observe if the water returns 
immediately to its former level 
whvn the drain cock is closed. If 
if it fails to do so, this indicates 
that the lower fitting is choked 
with sediment or scale. Should 
■■"'"■■■ "■ the water fail to leave the glass, 

or leave it very slowly, it indicates that the upper fitting 
is choked. When this lest shows the gauge to be out of 
order, it should he repaired at the first possible opportunity, 
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ning in the mean time by the gauge-cocks. To remove 
t temptation to look at the glass, cuver it with any material 
ndy. While this may seem an unnecessary precaution, it 
lay be the means of preventing an explosion with the con- 
iquent loss of life and property. 

When water columns are used, they usually have a 

pive in each connecting pipe. To test both the gauge and 

: column at the same time, double shut off one connection 

ltd see if you get the proper fluid through the drain cock. 

at is, to test the water connection, shut the upper valve of 

gauge glass and the valve in the steam connection. 

ben open the drain cock of the glass water gauge. If water 

a constant stream, the water connection is clear. 

Stow open the upper valve of the gauge glass and the valve 

; the steam connection and close the lower gauge-glass 

^Ive and the valve in the water connection. If steam flows 

«ly from the gauge-glass drain cock, the steam passages 

E clear. Close the drain cock again and open nil vah'fs. 

I This method of testing is commonly expressed in a some- 

farliat ungrammatical form as follows: Double shut off what 

H get, ami see if you get the other. 
^ The student is cautioned against the practice of testing 
Hie water column by opening the water-column drain cock 
mly. While this will prove the water column to be clear, it 
rill not prove the glass water gauge. 

When the water column has no valves in the con- 
lecting pipes, test the gauge as if it were connected directly 
a the head, as previously explained. If the test shows the 
water eolumn to be untrustworthy, haul the fires immediately 
jid shut down until the column is cleared. To prevent the 
water column from choking up, drain it frequently and do 
iie same with the glass water gauge. Always supplement 
Bthc draining by the test given. The water gauges are the 
most important accessories to a steam boiler, and too much 
are cannot be bestowed on having them absolutely reliable. 
^ 34. The pipes for the water column should run as straight 
I possible and connect directly to the boiler. Under no 
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irirciimstancfS whatsoevi;r should thcsi; cuiiiieciing pipes be 
used for any oilier purpose or have any other pipe connec- 
tion in them. When observing the glass water gauge while 
the boiler is working, note particularly whether the water 
showing in the glass is stationary or not. If the water level 
does not fluctuate, or pulsate up and down, as it were, it is 
an infallible sign that the gauge is out of order. Immedi- 
ately test the gauge and water cohimn, and if draining them 
fails to clear them, shut down for repairs. 

35. In putting in new glasses that are held in place by 
rubber packing, care should be used to place the packing 
evenly, so that the glass will not come in contact with any 
part of the metal conijections; on account of the unequal 
heat-conducting powers of the glass and metal, the glass is 
more likely to be broken when thus in contact with the 
metal than if held free by the packing. 



FUSIBLE PLUGS. 

36. Construction and Purpose. — In order to give 
warning of shortness of water in a steam boiler, fusible 
plugs are used. In many places they are 
required by law. The ordinary fusible plug in 
common use is shown in section in Fig. 9. It 
i consists of a brass or iron shell threaded on the 
outside with a standard pipe thread. The 
inside is filled with some alloy having a low 
melting point. As long as the plug is well 
covered with water, the fusible metal is kept from melting 
by the comparative coolness of the water; but should the 
water sink low enough to uncover the top of the plug, the 
filling quickly melts and allows the steam to rush out; thus 
giving warning of the shortness of water. The plug shown 
has a conical filling, the larger end of the filling receiving 
the steam pressure. The conical form of the filling prevents 
its being blown out by the steam pressure. 



Pig. 9. 
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t A good form of fusible pluR i 
slug Pis screwed into the sheet ' 
in top of it and kept in 
ebythennt C. Avery pi 
I copper cup 5 is placed 
t^the top of the fusllile 
1 H to protect it fmni 
^chemical action of ihe 
water. A valuable feature 
nf this slylo of fusible plug 
is that when appHed to the 
crown sheet of boilers of the 
locomotive type, it will give 
warning of shortness of 
water before the crown 
sheet is entirely uncovered, since it extends about I4 to 
i inches above the sheet. 

38. Locution of Plud!:^, — In horizontal return-tubular 
hollers, the plug is usually placed in the back head 3 inches 
above the upper row of tubes. In flue boilers of the two-flue 
type, one plug is screwed in each flue at its highest point, or 
in the back head at a level alxjut ? or 3 inches above the top 
of the flues. The latter practice ij considered the better, 
since it will give warning of shortness of water before the flues 
become uncovered. In firebox boilers, the plug is screwed 
into the highest point of the crown sheet. In vertical boil- 
ers, it is usually screwed into one of the tubes about 2 inches 
below the lowest gauge-cock. In water-tube boilers, it is 
located usually in the shell of the steam drum. In general, 
it should be so located that it wi!l prevent, by the warning 
it gives, the overheating of the parts within the fire-line. 

39. Care of Fusible Plu^rs. — As with other safety 
devices, dependence can only be placed on a fusible plug 
when it is given intelligent and reasonable care. It should 
be removed at least once a month and examined to see that 
the filling is not covered hy hard scale. Instances are not 

^■nre when the filling has melted out and jj 
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the boiler room under any circumstances without first clo- 
sing the blow-off cock. The blow-off cock should be opened 
wide in order to cause a rapid flow through the pipe; this 
tends to prevent the lodgment of scale in the elbows and 
other fittings. The usual diameters of blow-off pipes are as 
follows: IJ-inch pipe for boilers up to 42 inches in diameter, 
2-inch pipe fur diameters up to GO inches, and JJ-inch pipe 
for larger boilers. 

VALVES AND COCKS. 

47. For the purpose of controlling the flow of fluids 
through pipes, valves and cocks are universally used, 
Valves that allow the fluid to flow through them in either 
direction are divided into two general classes, 
valves and gate valves. 

48. Globe valves are made in a varietyof forms, follow- 
ing the same genera! idea of construction. A common 

form is shown in Fig. 11, Here ^ 

the fluid enters at A and flows ( ( J J 

nut at B. The opening in the 
valve seat is closed by a flat 
removable disk, which may be r^ 





renewed when worn so as to lc;i 
struction is shown in Fig. VI. 
at the junction of two pipes at ; 



Fio. la. 
Another common con- 
""his style of valve is used 
right angle, and hence is 



Su 
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■termed an an^/f I'a/iv. The seat n{ the particular valve 
wn is beveled; when worn, it may be made tight again 
grinding it in. Globe valves should be attached to the 
pipes in such a manner that the valve will close against the 
pressure. This will allow the valve stem to be packed with- 
out closing down the plant. 

49, n&te Valves. — The waterway through a globe valve 
is so contorted that it obstructs the flow of a fluid through 
the valve to some extent. To /-u-y 
overcome this objection, gate /' " ^ 
valves have been designed, a ^ . ■ -^ 
common form of which is shown 
in Fig. 13. By turning the 
stem B, the wedge-shaped 
disks A and yl, are moved across 
the seats c, c, and the orifice is 
opened or closed gradually. 
The disk A^ has cast on its lower 
side a projection D that resis 
on a corresponding projection E 
that is cast with the valve budv. 
These two projections form a 
stop for the disk A^\ when it has 
come to a stop, a further turn 
ing of the stem wedges the U\ 
disks apart, pressingthem tighth 
against the scats. A gate \-ilve 
may be put on to recei\e the 
pressure on either side. 

50. Check-valves are y ah es ^'° ''' 
designed to permit the flow of fluids m one direction only 
and to positively prevent any return flow. The most com- 
mon form of check-valve is that known as a globe check. 
it is shown in Fig. 14. The valve A is a solid disk of metal 
ground to the beveled seat B. It is guided by the wings C 

Sid £ above and below the seat. The fluid passes in the 
rectioa of the arrows. 
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disk IS attached lo I 




an arm that swings on a pin, as shown. The passage of tht 
fluid through this valve is more direct than in the globe 
check, and the pressure required to open the valve is n 
less. The fluid passes through the check in the direction 
shown by the arrows, that is, from A toward B. In case of a 
rapid flow, the projection C on the end of the arm, to which 
the valve is attached, strikes against the bottom of the; 
screw /?, and is thus kept from going too far. 

52. The two kinds of check-valves illustrated are not 
very well adapted for working in any other except a hori- 
zontal position. If a check-valve must be used in a vertical 
pipe, one made especially for this purpose should be 
obtained, 

53. Cocks are rarely used for any other purpose thaa 
the blow-off pipe. Ordinary water-cocks, as used by 
plumbers, are not well adapted for this purpose; special'- 
blow-off cocks are made and can be obtained from all rep- 
utable makers. The objection to the ordinary plug cock is 
its tendency to leak around the bottom and the difficulty of 
moving the plug after the cock has been closed for some 
time. To overcome this difliciilty, asbestos-packed plug, 
cocks have been designed and are gradually coming into 
extensive use. These cocks have dovetail grooves cast into 
the body, into which asbestos is tightly driven. The: 
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EStos being slightly elastic, it fits snug against the plug, 
— =5 making a tight joint; at the same time, owing to the 
^^^^^ 11 amount of friction, it allows the plug to be turned 
'^ "*- ly. Since the asbestos is not affected by heat or moist- 
"■ — s. it is quite durable. 



^L DOME AND STEAM DRTTM. 

^HBSAa Domes are placed on cylindrical boilers for the pur- 
^^*Be of increasing the steam space, and also for the purpose 
"'^ drying the steam, the supposition being that the steam 
■^^lU be dried on account of its being farther removed from 
.he water. The hole cut in the shell to give communication 
mween the boiler and dome should be made only large 
laough to allow a man to pass through, since a large hole 
materially weakens the shell. The edge of the plate around 
be hole should be reenforced by a wrought-iroii ring riveted 
3 it. The flat top of the dome must be stayed by diagonal 
k^ices. Steam domes usually have a diameter equal to one- 
ftU the diameter of the boiler, and a height equal to about 
ine-sixteenths the diameter of the boiler. 

55. Boilers are often fitted with a steam dnizn instead 
(f a dome. The steam drum is simply a cylindrical vessel 
ionnected to the shell. When several boilers are set so as 
D form a battery, they are often connected to one drum 
ommon to all boilers. When each boiler has its own fur- 
:, there should be a stop-valve between each boiler and 
the drum to allow the boiler to be taken out of service when 
required. When the boilers in battery have one furnace 
common to all of them, no stop-valve should ever be placed 
I the pipe connections between each boiler and the drum. 
Where boilers are in battery with separate furnaces, each 
K>Uer must have its own safety valve, which should always 
;be so fitted that it cannot be cut off from the boiler under 
any circumstances. 

06. Some boilermakers when fitting a longitudinal 
drum to a boiler will attach it by two nozzles. 
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engineers object lo this ineihoii, since with an unequal 
expansion of the boiler and drum, which is quite likely to 
occur, the joints of the nozzles will become leaky, owing lo 
the strains to which they are subjected. It is now the rule 
in good work to use one nozzle only. When the steam drum 
is used for a single boiler, its diameter may be made equal 
to one-half the diameter of the boiler, and its length equal 
to the diameter of the boiler. Where one steam drum is 
common to several boilers, its diameter is usually made 
equal to half the diameter of the boiler, and its length 
equal to the horizontal outside-to-outside measurement over 
the several boiler shells, 

57, The strength of steam drums may be determined 
by the rules governing the strength of boiler shells. They 
require just as rigid inspection as the boiler itself. 

TILE DUV PIPE. 

58, Stationary boilers are often fitted with a ilry pipe. 
This consists of a pipe elosed on both ends, located near the 
top of the shell inside of the boiler, and connected in any 
suitable manner to the steam pipe. The upper half of the 
pipe is either perforated or provided with a number of slots 
through which the steam enters. The supposition is that 
by this means most of the entrained water will be separated 
from the steam, the water flowing into the water space 
through small holes in the bottom of the dry pipe. The 
combined area of the perforations should be about equal to 
the area of the stop-valve. 

THE MlfD DRUM. 

59, Mutl drimis are occasionally attached to stationary , 
boilers for the purpose of providing a quiet place for the 
collection of mud and sediment in mechanical suspension in 
the feedwater, which is then introduced in the mud drum. 
It is located underneath the boiler and at the rear end, 
being connected to the boiler by a suitable nozzle, usually 
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E cast iron. Whero several boilers are set in battery, they 
I sometimes connected to a c*jmrann mud drum. This 
^Rctice is permissible when the whole battery is used at 
When so fitted, none of the boilers can be tempo- 
rily taken out of service unless each nozzle is provided 
fith a stop-valve. Owing to the difiicully of protecting the 
Uve from the tire, this is rarely if ever done. This con- 
beralion limits the use of a common mud drum to cases 
pere all the boilers are worked together. When a mud 
■urn is fitted, the blow-off should be attached to it and the 
liment collected in the drum frequently blown out. 



MANHOLES AND HAXDHOLES. 

I 60. For the purpose of allowing the inside of the boiler 
be examined, cleaned, and repaired, holes closed by 
litable covers are cut into the head or shell. When of 
joiBcient size to admit a man, they are called manholes; 
Itherwise, kandhoUs. 

|l 61. The Manhole. — A common construction of a man- 
(ole and its cover is shown in Fig, ID. An elliptical hole is 




!Ut into the head or shell of the boiler. A wroughl-iron 

r steel ring R, called a t-oinpensatlon rlii^. is riveted to 

She plate P, generally on the outside, for the purpose of 
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tlic cover and terra to make a water-tigilt joint. 



02. Of late yw% it has become qnhe genenlly the pnc- 
ticc to fiaage ibe bead iovaxds and face its ed^. tbus doing 
avsjr »tth the necessity (or the rompm^ a li on ring. When 
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'■ n..'iril;'.;' ;- ;:; :)■,'■ -Hl-II. in the best modem practice, a 
iii-i-'i ■ •■i;,j"-i,-.a;;..ii rini,' is riveted to the inside of the 

hj i!]'- ilr-i-ii -l;..u-]i. ihi_- edges of the ring and cover are 
'■'1 :in'l . .■.niiiily liiiiil i'> each other, thus making a 
ii.illf JMJhi, Ouii,- t,. thi.' [iractical difficulty of making 
I'll ■> j'lKii ]iirti-i ily u :iUT-ti>;ht. most engineers would 
' I'l I" i'l.n !■ :i ;;.i-ki-i, tiihrr librous or metallic, benvt-en 
['■ ' 'iv T ,(hil ii^ -i:!!. ,-\rii wlu'ii buth are faced and fitted 
' I .1' li "Hm r. M.tiiliMl,^ :ir,- ii-^iially made about 11 inches 
. I", inilir-. ill ilif I liar. If any siiialler, it is a rather 
iVkliIi riian.-r U.t a man tn i;ci ilimugh them. 

tUi. Tlio llnn.lhol,-.— Ilanilhnh's are placed in boilers 
■^Ih.'St construction dues nut permit tiic entrance of a man, 
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, for example, in vertical boilers. They are also placed in 
her boilers in convenient positions; thus, in boilers of the 
komotive type they are usually placed in the corners of 
: water legs, and in horizontal return-tubular boilers are 
[ten found in the heads below the tubes. The handhole is 
«nvenienl place to rake out sediment and scale and to 
nit a hose for the purpose of washing out the boiler. 
; handhole and its cover are constructed very much like 
nanhole and cover; the handhole being smaller, requires 
bt one yoke and bolt to close up the cover. 

[ 64. Manholes and handholes are made elliptical to allow 

cover to be passed through the hole. The smallest 

[ameter of the cover is somewhat less than the largest 

iameter of the manhole, and thus allows the cover to pass 

;ely through the manhole. It is then turned one-quarter 

side the boiler, the gasket placed on the flange, 

and put in position. 

65. When using sheet rubber or other fibrous gaskets, it 
is advisable to give them a good coating of plumbago on 
both sides. This will prevent their sticking to the cover 
and seat and allow them to be readily removed. It is 
rarely advisable to use the same gasket again when replacing 
the cover; it will usually have become carbonized by the 
heat and thus be too hard to make a tight joint, no matter 
how hard the nuts are screwed up. When the cover has 
been replaced with a new fibrous gasket, it is well to exam- 
ine it again after steam has been gotten up and tighten up 
the nuts once more. A plentiful supply of graphite (plum- 
bago) smeared on the threads of the bolts before the cover 
is replaced will allow the nut to be readily removed at the 
jKxt examination. 

*■ 66. When a manhole or handhole gasket blows nut, as 
will happen if the work of replacing the cover has been care- 
lessly done or ihe gasket cut too large, about the only thing 
that can be done is to haul the fire, blow out the boiler after 
the steam has gone down, and make the joint over again. 
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67. Before taking uffi a manhdle or handhole covt-r, 
immediately after the boiler has cooled down, it is advisable 
to raise the safety valve or open a valve or gauge-cock so as 
to break the vacuum that may have been formed by the 
condensation of the steam remaining in the boiler. If this 
precaution is neglected, it may result in serious injury. 
While it cannot be truthfully stated that a vacuum will 
always form, instances are on record where this has hap- 
pened and the cover been forced inwards by the externa! air 
pressure. 



LOW-WATER ALABMS. 

68. The object of the device called a low-wotor nlnmi 
is to give warning of low water in the boiler by the auto- 
matic sounding of a whistle. This object may be attained 
by the melting <if a fusible plug or by the use of a float 
connected to the whistle valve. Other means, such as elec- 
trical devices and mechanical devices, using the difference 
in expansion of different metals for actuating the whistle 
valve, have been used occasionally, but have not come into 
extensive use, probably on account of being too delicate. 

€9. Fuslhle-plnjt alarms possess the advantage of 
cheapness, but they are very liable to become inoperative 
because of becoming incrusted with scale. If such an alarm 
is used, it should be cleaned once a month and the fusible 
plugs renewed at least every six months. When continually 
exposed to heat, the alloy of which fusible plugs are com- 
posed seems to deteriorate and become non-fusible, hence 
the recommendation to renew them occasionally. 

to. Probably the great majority of alarms belong to the 
class using a float. They are often arranged to indicate 
both low and high water. A representative device of this 
class, known as the Hellance high- aud low-^vater alarm, 
is shown in Fig. 18. 



As shown in the figure, the device consists of two 
|]i)iits (). b that are suspended from the bell-cranks c, 
Uif short arm nf each bell- r—- 
crank is attached the valve " — 
stem of a small valve, there 
being one valve for each float. 
These valves serve to put 
tho steam space nf the water 
column in communication 
with the alarm whistle e. In 
this particular design of water ( 
column a sediment chambery 
E formed at the bottom of the , 
imn that collects all for- 
1 matter that settles from 
water. The water-column 
in is connected to the set- 
ng chamber. 
\ 71. The operation of the 
larm is as follows: when the 
l^ater is at its proper level, the 
. b is surrounded by water 
and, being hollow, is pressed 
upwards. Being connected to 
the long arm of the bell- 
crank r. this upward pressure 
keeps the upper whistle valve """- 'S- 

closed. Let the water b'_eome low in the column so as In 
begin to uncover the float. Then, the upward pressure due 
to the buoyant effect of the wuter gradually diminishes and 
finally will become so small that the float will descend, thus 
opening the upper whistle valve and sounding the alarm. 
The high-water alarm float 1/ keeps the lower whistle valve 
closed by the weight of the float. When the water rises, the 
float is carried upwards, the lower whistle valve is opened, 
and the alarm sounded. 
While water alarms of al! makes are perfectly reliable 
a in good working order, too much dependence should 
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not be placed on them, since, like many safety devices, they 
will become inoperative with long use. Float -ope rated 
alarms become inoperative through the collapsing and cor- 
rosion of the floats and the choking up of the whistle 
valves. Hence, these parts must occasionally be carefully 
looked after. The floats should frequently be examined to 
see if they are water-tight, since the working of the alarm 
depends on this fact. 

THE IVHISTLB. 

73. Nearly every steam plant is provided with a whistle 

for signaling purposes. Two of the most common con- 
structions are shown in Figs, I'J and 30. The bell, or upper 





portion, is a hollow cylinder closed at the top and open at 
the bottom, and is held in position by a stud that passes 
through the center and is secured at the upper end by 
means of a screw and jam nut. The hollow base has a narrow 
circular orifice that communicates with the steam pipe and 
valve. As the steam rushes out of the orifice in an upward 
direction, toward the mouth of the bell, it slightly com- 
presses the air contained in the bell. The air being 
elastic will not retain a fixed or stationary position, but will 
slightly spring back toward the inrushing steam, where it is 
again forced back in a compressed state, causing a vibratioQ 
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■ the air and steam. These vibrations continue as long as 
is permitted to flow and are communicated to the 
urrounding atmosphere, thus producing sound. 

73. The tone may be changed to a higher pitch by low- 
ering, or to a lower pitch by raising, the bell. This may be 
done by loosening the jam nut and turning the bell up or 
down, after which the nut should be again tightened. 

74. Whistles are also constructed to produce two or 
more tones of different pitch simultaneously by dividing 
the bel! into two or more cell-hke parts, as shown in Pig. 19. 
Each apartment produces a different tone, and when these 
tones chord perfectly, the effect is quite pleasing. 

75. Tn manufacturing establishments the whistle is 
usually located on the roof; that is, at a considerable dis- 
tance above the boiler. In order to prevent this long pipe 
becoming filled with water, it is advisable to fit a small 
drain pipe and valve directly above the stop-valve in the 
whistle pipe, which is placed close to the boiler. At night 
the steam may then be shut off from the whistle and the" 
drain valve opened. 

When no separate valve is fitted to the whistle to shut 
off the steam, the blowing of the whistle, due to an accident 
to the whistle valve, may be stopped by pushing a stick into 
the bell ; if this is not feasible, d ue to the construction of the 
whistle, stuff cotton waste into the bell, using a long stick. 



FEEDPIPING. 

76. The pipe system through which a boiler or boiler 
plant receives its water supply may be divided into two 
parts : the external system and the interna/ system. 

The external system comprises the piping required to take 
the feedwater from its source of supply and to deliver it at 

Eiiler. The internal system consists of the pipes lead- 
om the outside of the boiler to the point of delivery. 
, The external feed system comprises the suctioi 
>f the feed-pump or injector and the delivery -giw 
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feeiipipes that deliver and distribute the water to the dif- 
ferent boilers. As to the arrangement of the suction pipes, 
they should be as short and free from bends as it is possible 
to malce them, especially when the water must be lifted 
some distance from a well or similar source of supply. In 
general, it is very difficult to lift water to a greater height 
than 'ii feet at sea level, unless the pump is in excellent 
condition; if the water must be lifted higher, it is usually 
better lo locate the pump farther down, excavating for it, if 
necessary. The suction pipes should also be perfectly air- 
tight. Wlien the feedwater is taken from a city water 
supply, it usually comes to the pump or injector under some 
pressure : the feed apparatus can then be located where most 
convenient. 

78. The tirraiijff "i^nt of the ft-cditlpes naturally 
depends on the number of boilers to be supplied by the 
feed apparatus and on the extent to which the pump or 
injector is required to supply water to anv one or all of 
several boilers. 

79. In Fig. 21 is shown an ordinary method of arranging 
the feedpipes where two boilers are supplied by the same 




pump The main pipe PP running along the front of the 
boilers receives the feedwater discharged from the pump. 
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Each boiler is supplied by a branch from the pipe /'entering 
the front head C. Each of these branches is provided with 
a globe valve j4 and a check-valve />'. The globe valve 
shuts off the water from the boiler, while the check-valve 
allows the water to enter when the globe valve is open, but 
prevents its return. 

SO. The globe valve should always be placed nearest 
the boiler, thus allowing the check-valve to be examined 
and repaired with9ut shutting down the boiler. With the 
arrangement of feedpiping shown, the feedwater can be 
delivered simultaneously to both boilers or to either boiler 
separately. 

81. An arrangement of feedpiping for a plant having 
six boilers in two batteries with two independent feed-pumps 
is shown in diagrammatic form in Pig. i'i. Both of the 
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feed-pumps shown at A and B arc 
feedpipe ./I/. This pipe has six bran* 
each boiler. Each branch pijie has its ■ 
check-valve F. There are two valves 



mnectcd to the m;nn 
iL-s, as /). /), one for 
,vn gli>l)e valve /:" ;ind 
n thf main feedpipi-, 
With 



one between each pump and the nearest branch pipe, 
this arrangement, either or both pumps may be usc;d for 
any or all boilers. Thus, if it is ik-sired to use pump .( 
for all boilers, the valve in the main focdpipe near this 
pump is opened and the valve near the jmmp A' is closed. 
The pump A will then deliver into any or ali of ihe bi.t 
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boilers, depending on the manipulatioa of the globe valves 

in the branch pipes. 

83. When the feedwaler goes through a feedwater heater 
before entering the boilers, it is usually advisable to provide 
by-pass connections, so that in case of accident to the healer, 
it may be cut out of service without interference with the 
feeding. In many plants the entire feed system is fitted 
duplicate, in order to be prepared for emergencies. One 
system may then be supplied by injectors and the other by 
pumps. 

83. The IntePiinl fvod sj-stem is arranged in various 
ways. Its purpose is twofold: (1) to conduct the watc 
the proper point of discharge in the boiler; (2) to heat the 
relatively cold feedwater to nearly the temperature of the" 
water in the boiler. As to the proper point of discharge, 
authorities differ considerably. Most engineers believe that 
the water should be discharged into the coolest part of the 
boiler and should be diffused by delivering it through a per- 
forated pipe. Others discharge the feedwaler into the steam 
space and use some suitable spraying device to break th< 
entering stream into spray. 

84. When discharging into the water space of horizontal 
tubular boilers, a common and very satisfactory arrange- 
ment is to make the feedpipe enter the front head a little 
below the water-line and carry it to within a few inches of, 
the rear head. The end of the pipe is closed and a numlJCf 
of holes in the bottom of the pipe discharge the water down* 
wards between the tubes. Or the water may enter through, 
the bottom of the rear head; a horizontal pipe then carries- 
it to within a few inches of the front head. It then passe^F 
through a vertical pipe up between the tubes lo within 
few inches of the water level and then returns to the rear 
through a horizontal pipe and is discharged downwards 
between the tubes. With this arrangement, the feedwatef 
will be heated to the same temperature as the water in 
boiler. 
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86. In cylinder boilers the feedwater usually enters the 
bottom of the front head. In good practice it is then carried 
to the rear by a horizontal pipe and discharged upwards. In 
some plants this is not done, however, and the water is dis- 
charged directly on the crown sheet. This is considered 
very poor practice by many engineers, since it will subject 
the plate exposed to the most intense heat to severe local 
stresses, which ultimately will strain the metal beyond its 
elastic limit and cause a rupture. In general, it is the 
common rule that feedwater should never be discharged on 
the parts of the boiler exposed to the most intense heat, nor 
should it be delivered in a solid stream against a plate, and, 
furthermore, it should be discharged in such a direction as 
to assist the circulation. 

86. In flue boilers the water may be discharged in the 
same manner as in return-tubular boilers. In vertical boilers 
it is usually discharged into the water leg at the lowest point, 
although sometimes it is delivered about 2 feet above the 
crown sheet. In boilers of the locomotive type it may be 
delivered into the lower part of the cylindrical part or into 
the water legs below the grate. In water-tube boilers the 
builders always determine where to discharge the feedwater, 
and their advice should be followed. 



FURNACE FITTENGS. 

87. The fkimace fitting consist of the grate with its 
supports, the dead plat t\ and the bridge i^hxIL 

88. The grrate, which is nearly always made of cast iron, 
furnishes a support for the fuel to be burned and must be 
provided with spaces for the admission of air. The spaces and 
supports are alternate and are distributed evenly all over 
the grate surface. The combined area of all the supports 
is usually made nearly equal to the combined area of all the 
air spaces; in other words, half the grate surface is air space 
and half serves to support the fuel, 
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89. The most common type of ^rrate is made up of single 
bars as A, Fig. 23, that are placed side by side in the furnace. 




I 



The thickness of the lugs cast on the bars determines the 
width of the open spaces of the grate. It is the general 
practice to make the thickness across the lugs twice the 
thickness of the support. For lung furnaces the bars are 
generally made in two lengths of about 3 feet each, with a 
bearer in the middle of the grate. Long grates are gener- 
ally set with a downward slope toward the bridge of about 
i inch per foot of length. This facilitates the admission of 
air to the rear of the grate; it also facilitates cleaning the 
grate. 

90. The width of the air space, and hence the thickness 
of the grate bar, depends largely on the character of the fuel 
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burned. For the larger sizes of anthracite and bituminous 
coals, the air space may be from ^ to } inch wide, and the 
grate bar may have the same width For pea and nut coal, 
the air space may be from f to ^ inch, and for finely divided 
fuel, like buckwheat coal, rice coal, birdseye coal, culm, and 
slack, air spaces from -^^ to | inch may be used. When 
these small air spaces are used, the grate if made of single 
bars, like that shown in Fig. 23, must have the bars so thin 
in proportion to their length that they will warp and twist 
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large number of the bars will soon break, especially 
:faen the rate of combustion is high. To overcome this 
ijectionable feature, the grate bar shown in Fig. 24, and 
>wn as the herringbone grate bar, was designed, and in 
nany parts of the country it has almost entirely superseded 
be ordinary grate bar. 

9X. Owing to the shape of the supports for the fire, they 
jire free to expand and contract; being quite short and of 
Imall depth in comparison to the ordinary grate bar, there is 
little danger of excessive warping of the supports, 
tft consequence, they will usually far outlast a set of ordinary 
ate bars. Since there are only a few large bars for the 
rrate, it also is easier to replace a broken bar. Herring- 
lione grate bars can be obtained in a great variety of styles 
md with different widths of air spaces. 

ftS. In general, a grate bar that is suited for the kind of 
fuel that is to be burned should be selected. Thus, if finely 
divided coal is to be burned, a grate bar having small air 
Spaces and supports should be selected, since otherwise a 
large percentage of the fuel will fall into the ash-pit. On 
the other hand, for the large sizes of coal, select bars having 
large air spaces, using the largest air space when caking 

.coals are to be burned. Some varieties of bituminous coal 
will caic, that is, fuse together to a considerable degree, and 

^the ashes and clinkers formed will be of such size that a 
large part of them cannot pass through the air spaces unless 
they are large ; the grate thus becomes clogged, shutting off 
the air from the fire. This reduces the rate of combustion 
and evaporation. When putting in grate bars, they should 
not be fitted in tightly, but plenty of room should be given 
to allow them to expand. 

93. Hhakliig Gi-ates. — The greatest objection to station- 
ary grate bars is that with them the furnace door must be 
kept open for a considerable length of time to allow the fire 
; cleaned. Ashes, cinders, and clinkers will collect i 
ourse of time on the grate, shut off the air st: 
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thus reduce the amount of steam generated. To rest^ire 
the fire, it needs to be cleaned. Cleaning fires with a sta- 
tionary grate is not only a job that severely taxes the fire- 
man, owing to the excessive heat to which he is exp<^>sed, but 
also the inrush of cold air chills the boiler plates, thus pro- 
ducing stresses that in the course of time will crack them. 
To overcome these objections, grates have been designed 
that allow the fire to be cleaned without oj^ening the furnace 
door. This is usually done by giving each grate bar a 
rocking motion. 

94. The McClave shaklnic grate is shown in Fig. 25. 
The grate bars e^ r, etc. are supported by trunnions r. r that 
fit into bearing bars placed on each side of the grate. A 
portion of the bearing bar has been removed in order lo 
show the grate bars properly. By working the lever / back- 
wards and forwards, the rod r, which is connected to the 
lever / by the stub lever ///, and also with the grate bars 
at «, «, etc., transmits the motion of the lever to the grate 
bars and causes them to rotate to and fro on the trunnions. 

The grate operates on the p^K^ket principle; when the 
grate bars are thrown wide open they form a series of 
pockets that receive the ashes and clinkers; when the bars 
are thrown back to their upright p<jsition, the ashes arc 
deposited in the ash-pit, and thus a quantity of ashes is 
removed from the bottom of the fire at each sweep of the 
lever. 

96. This grate has been recently improved so as to 
allow one-half of the grate to be shaken without disturbing 
the other half. This is an advantage, inasmuch as the 
front half of the fire may be in good condition, while the 
ba(!k half may need shaking, and 7'Ut' 7rrsa. 

This method of cleaning is i)articularly applicable to 
anthracite coal fires, since the main body of the fuel is left 
undisturbed. The grate may also be used for shaking and 
breaking up the solid bed of fuel, as is necessary in fires of 
caking bituminous coals. For this purpose the lev***- ^'^ 
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vibrated rapitlly back and forih through a small arc. The 
ashes are shaken through the grate and the mas.s of fuel is 
broken up. This grate is extensively used for burning the 
smaller sizes of anthracite, such as the pea and buckwheat 
sizes, and culm, 

96. The dead plate is a flat iron plate usually placed just 
inside the furnace door. Its purpose is to furnish a supix)rt 
for the firebrick lining of the front of the furnace, and with 
stationary grates it also usually forms the support for the 
front end of the grate. In using some varieties of coal, it is 
necessary to place the coal on the dead plate and let it 
become heated before pushing it on to the grate. 

97. The bridge is a low wall at the back end of the 
grate; it forms the rear end of the furnace. The bridge is 
usually built of firebrick, though in some cases it is made of 
wrought iron, with an interior water space communicating 
with the inside of the boiler. It is the office of the bridge 
to bring the tiamc in close contact with the heating surface 
of the boiler. The passage between the bridge and boiler 
shell should not be too small; its area may be approximately 
one-sixth the area of the grate. Likewise, the space between 
the grate and shell should he ample for complete combus- 
tion. Professor Thurston advises that the distance between 
grate and boiler shell should be one-half the diameter of the 
shell. 



DAMPER R&aTTl.ATORa. 

98. In many steam plants it is required that the steam 
pressure be kept practically uniform. For this purpose 
dnniper rejfHlators have been designed, which, operating 
upon a change of the steam pressure in the boiler, automat- 
ically control the position of the damper and thus regulate 
the volume of gases passing into the chimney. This in turn 
regulates the intensity of the (ire and the generation of steam. 

Damper regulators may be divided into three general 
classes; 
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1. Steam-actuated regulators, where the motion of a 
diaphragm under variation of steam pressure is transmitted 
directly through some multiplying device to the damper. 

2. Steam-actuated regulators, where the steam in acting 
on a diaphragm causes a displacement of a valve, which 
admits steam into a cylinder, the piston of which is con- 
nected to a damper. 

3. Hydraulic-operated regulators, where the movement 
of a diaphragm under variation of the steam pressure 
operates an admission valve, admitting water under pres- 
sure to a cylinder, the piston of which is connected to the 
damper. 

99. Damper regulators of the first class are used very 
little, for while cheap in first cost, the regulation is rather 
unsatisfactory. Regulators of the second class will regulate 
very closely. The makers of the Curtis regulator, for 
instance, guarantee that the motion of the damper from one 
direction to the other will change with a variation of steam 
pressure of one-quarter of a pound per square inch, either 
way, from the point at which it is set to operate. 

100. Regulators of the third class will also regulate 
very closely. Being dependent on water under pressure for 
their action, their application is limited to places where they 
can be connected either to a city water service or to a tank 
sufficiently high above the regulator to give the required 
pressure. They are sometimes connected directly to the 
water space of a boiler; while the damper regulator will 
operate when so connected, this method is open to the 
objection that it results in a waste of heat that may be 
quite large. 

101. A Spencer hydraulic damper regulator is 

shown in Fig. 20. The diaphragm cliamber b contains a 
flexible diaphragm dividing the cliamber into two parts. 
The under part is filled with water which is subjected to the 
boiler pressure through the steam pipe d. The diaphragm 
tends to move upwards under the influence of the steam 
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pressure, but its upward iimtion is resisted by the downward 
force exerted by the weighted lever c. The weights on this 
lever are so adjusted that it will occupy a position midway 
between its two extreme positions when the steam pressure 
in the boiler is exactly at the point at which it is to be carried. 
A secondary lever /is hinged aty' to the free end of c; this 
secondary lever is fulcrumed at tn. At g the valve stem of 
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the operating valve is attached to it. This valve works 
inside of the piston closely fitted to the stationary cylinder h 
and serves to admit water under pressure to either side of 
the piston. The piston rod passes through both heads of 
the cylinder h; at its lower extremity it is connected to the 
lever ( pivoted at /', which, through the medium of the 
connecting-rod j\ transmits any motion of the piston to 
the damper. 

Let the steam pressure rise above that for which the 
damper is set. Then the diaphragm and the free end of the 
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r move upwards. The lever/ being connected to c at 
le end, it swings upwards around »i as a fulcrum; this 
rises the valve inside of h and thus admits water under 
ressure to the bottom of the piston in h. At the same 
me the valve places the upper side of the cylinder in com- 
unication with the water-escape pipe. In consequence 
lereof, the piston ascends and pulls the lever ( upwards. 
hich in turn rotates the damper k, closing it still farther. 
low, as soon as the piston commences to ascend, m is moved 
pwards and the lever f swings around f as a fulcrum, 
'his causes the valve in the piston to move downwards in 
slation to the piston, thus closing the water-supply port 
Od holding the piston in its new position, \ 

When the steam pressure falls below the normal pressure, f 

le levers c and f descend, and as f swings around m the 
live also descends, placing the upper side of the piston in ' 

ammtmication with the water supply and the under side 
1 communication with the water-escape pipe. Then the 
(ston descends and the damper opens. But f now swings 
poundy, and thus causes the valve to ascend in relation to 
iie piston, which is then brought to rest. 
The cylinder h is shown in section in Fig. 27. The piston 
I made water-tight by the cup-leather packing rings r, r. 
'he water under pressure enters through the supply pipe a 
ind surrounds the piston, entering through a small port into 
' the central valve chamber and then surrounding the central 
port of the piston valve /. Let the valve move upwards. 
It then uncovers the ports c' and c. The water under pres- 
sure flows through e' into the lower part of the cylinder; at 
the same time the water in the upper parts flows through c 
into the hollow piston rod s and out at /. The resultant 
motion oT the piston then returns the valve to the central 
position shown. If the valve descends, it admits the water 
into the port <■ and allows the water in the tower half of the 
cylinder to escape through e' into s', which, through a 
by-pass port, communicates with s. This by-pass port, i 

owing to the view taken, is not shown. The descent of the ^ 
^^ston aga,in returns the valve to its central position. i B 

L a 
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lOS. A damper regulator, like other automatic devices, 
needs intelligent supervision to have it work satisfactorily. 
The diaphragms will wear out in 
the ctSurse of time and need re- 
placing. Care should be taken in 
putting it up that everything 
works freely and that all con- 
nections are made as directed by 
the manufacturer. 

1 03. A damper regulator must 
not be expected to keep up a steady 
steam pressure without fire in the 
furnace; the fire should be care- 
fully-tended to. It should always 
be remembered that while the 
damper regulator will regulate the 

, air supply to the burning fuel, it 
will not put fuel into the furnace. 

104. Caution. — It is recom- 
mended that after shutting down 
the plant at night, the damper 
regulator be rendered inoperative. 
Instances are on record where 
failure to take this precaution 
resulted in running up the steam 
pressure to the blowing-off point 
during the night. Should the 
safety valve be out of order, all 
elements for a boiler explosion are 
present. If the regulator be left 
attached to the damper, the drop 
in the steam pressure due to 

''"'" ^" banked fires will open the damper 

to its full extent and thus start the fires. To render the 
regulators inoperative, the steam may be shut off from it at 
night. It is considered good practice to also drain all water 
from it at night, especially in winter. 
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liAWS OP CHEMICAL. COMBIXATIOXS. 

1. Ulements and Compounds. — Every body, every 
mass of matter is either an clotunt^ a cotiipound^ or a mix- 
turc. Iron, silver, sulphur, and oxygen arc elements; 
water, wood, lime, and carbonic acid are C(Mni)ounds. 

2. A compound may be decomposed or divided into sep- 
arate substances. For example, if an electric current is 
passed through water, the water slowly disa[)j)cars and two 
gases are formed. These gases are entirely unlike and 
neither resembles the water fn^n which it is produced. 
Likewise, lime can be divided into two other substances — 
calcium and oxygen. Any substance that can thus be 
decomposed or divided into other substances is called a 
compound. 

3. There are substances, however, that have never been 
decomposed into other substances. Hy no known process 
can sulphur be separated into other substances; likewise, 
iron, gold, arsenic, and many other substances. vSubstances 
that have never been decomposed are called oleinoiits. 

For notice of copyrixlit, see png^e iiunicdiately following; the title pa^e. 
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The tjlemenls that will be considered here are the J 
following: 

Elements. Symbols. 

Hydrogen H 

Oxygen O 

Nitrogen N 

Carbon C 

Sulphur S 

In referring to an element it is customary to simply use 
the symbol, which is usually the first letter of the na 
Thus, // stands for hydrogen, C for carbon, etc, 

4. Cliemlcal Combination. — When two or more ele- 
ments are brought into contact under favorable circum- 
stances, they will combine and form a new substance that 
is unlike either of the elements. Of course, the new sulv 
stance will be a compound. Thus, if carbon and oxygen are 
brought together at a high temperature, they will combine 
and form carbon dioxide. Hydrogen and oxygen combine 
to form water. Hydrogen, nitrogen, and oxygen, when 
combined in certain proportions, form nitric acid. A given 
volume of nitrogen and three times that volume of hydrogen 
combine and form ammonia — a gas that differs greatly 
from both nitrogen and hydrogen. 

5. It is supposed that each molecule of an element, 
such as hydrogen or oxygen, is composed of two atoms. It. 
is further supposed by chemists that at a given pressure' 
and temperature equal volumes of all g:ascs, whether simple; 
or compound, contain the same number of molecules. Thus, 
a cubic foot of hydrogen, a cubic foot of air, a cubic fool at 
steam, ail contain the same number of molecules at the same 
temperature and pressure. 

Suppose, now, that a cubic foot of hydrogen gas is allowed 
to come into contact with a cubic foot of chlorine ga* 
{symbol, t/). The mixture is exposed to heat or light and 
the gases combine. The processof cmnbination isexplained 
as follows: There is a certain attraclinn or affinity between' 
the hydrogen atoms and the chlorine atoms. Under the 




ilo COMBUSTION, FIRING, AND DRAFT. 3 

influence of heat or light this attraction becomes so strong 
that the two atoms composing the molecule of hydrogen are 
torn apart. Likewise, the atoms composing a molecule of 
chlorine separate. Each atom of chlorine seizes upon an 
atom of hydrogen and forms a molecule of an entirely new 
gas ; viz., hydrochloric-acid gas. Since each atom of chlorine 
takes one atom of hydrogen, it is plain that the number of 
molecules of each gas must be the same. In other words, 
1 cubic foot of chlorine requires 1 cubic foot of hydrogen to 
combine with it; these gases cannot be made to combine in 
any other proportion. For example, if 3 cubic feet of chlo- 
rine were placed in contact with 2 cubic feet of hydrogen, 
4 cubic feet of hydrochloric-acid gas would be formed, and 
the extra cubic foot of chlorine would still remain chlorine. 
The symbol for hydrochloric-acid gas is //C/. 

Suppose, now, that hydrogen and oxygen are placed in 
contact and heated. They will combine and form steam (or 
water) ; but it will be found that each atom of oxygen 
seizes 2 atoms of hydrogen to form a molecule of water, 
and therefore the volume of hydrogen must be double the 
volume of the oxygen with which it combines. This is 
shown by the symbol for water, which is /^^O; that is, a 
molecule of water is composed of 2 atoms of hydrogen to 
1 of oxygen. Similarly, the symbol for ammonia is AV/, ; 
that is, 3 atoms of hydrogen to 1 of nitrogen. Again, 
hydrogen and carbon form a compound ; each atom of car- 
bon seizes 4 atoms of hydrogen and forms a molecule of 
marsh gas. The symbol for marsh gas is, therefore, C//^. 

6, The symbol of any compound indicates how the atoms 
of the elements combine to form the compound. Thus, the 
symbol for water, //^O, shows that 2 atoms of hydrogen 
and 1 of oxygen unite to form a molecule of water. The 
symbol H^SO^ (sulphuric acid) shows that 1 molecule of the 
sulphuric acid contains 2 atoms of hydrogen, 1 of sulphur, 
and 4 of oxygen. 

7. Combination by Weight. — One cubic foot of hydro- 
gen combines with just 1 cubic foot of chlorine. But upon 
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weighing each gas it is found that the cubic foot of chlorine 
weighs :W,5 times as much as the cubic foot of hydrogen, 
A cubic foot of oxygen weighs Hi times as much as a cubic 
foot of hydrogen. 

It has been stated that at a given pressure and tempera- 
ature equal volumes of gases contain the same number of 
molecules. Therefore, 1 cubic foot of oxygen must contain 
the same number of atoms as 1 cubic foot of hydrogen. 
Now, since the former weighs llj times as much as the latter, 
it follows that an atom of oxygen weighs 10 times as much 
as an atom of hydrogen. Similarly, an atom of chlorine 
weighs 35.5 times as much as an atom of hydrogen. This 
ratio between the weight of an atom of any element and 
the weight of an atom of hydrogen is called the atomic 
■weight of the element. The atomic weight of any element 
(or compound) may be found by dividing the weight of a 
given volume, say 1 cubic foot of the element when in a 
gaseous state, by the weight of 1 cubic foot of hydrogen 
when both are at the same temperature and pressure. The 
atomic weight is, therefore, much the same thing as specific 
gravity, except that the weight of hydrogen is used as the 
standard of comparison instead of the weight of water. 

8. The atomic weights of the elements named above are 
as follows : 

Hydrogen (//) 1 

Oxygen (0) 16 

Nitrogen (A'') 14 

Carbon (C) 12 

Su!phur(5) 33 

By the ait! of these atomic weights, the composition of any 
substance by weight can be found when its symbol is known. 
Take water, symbol f/,0; that is, there are 2 atoms of 
// to 1 of O. Multiply the number of atoms of each by 
the atomic weight of the atom. Thus, 

2 X 1 = 2 parts by weight of hydrogen. 
1 X ll! = Hi parts by weight uf oxygen. 
IS parts by weight uf water. 



J 



I 



115 COMBUSTION, FIRING, ANL> DRAFT. 5 

Then the water is composed of ^ = 11.11 per cent, of 
hydrogen and \i = 88.89 per cent, of oxygen. 
As another example, take carbon dioxide, Cc\. We have 

1 atom of C X atomic weight, 12 = 12 parts by weight of C. 

2 atoms oi O X atomic weight, 16 = 32 parts by weight of O. 

44 parts by weight of CC\ 

Hence, CO^ contains ^ =27.27 per cent, carbon, and |f 
= 72.73 per cent, oxygen. From these examples, it is plain 
that the atomic weight of water is 18 and of carbon dioxide 44. 

9. Mixtures, — Two or more substances, either elements 
or compounds, may be mixed together and yet not combined 
to form a new substance. They are then said to form a 
mlxtirre. The mixture has the prop)erties of the substances 
composing it. The most familiar example of a mixture is 
ordinary air. It is composed of oxygen and nitrogen, 23 parts 
by weight of the former to 77 parts by weight of the latter. 
The two gases are not combined chemically ; they are simply 
mixed. 



ELEMENTS OF COMBUSTION. 

lO. Combustion is a very rapid chemical combination. 
The atoms of some of the elements have a very great affinity 
or attraction for those of other elements, and when they 
combine they rush together with such rapidity and force 
that heat and light are produced. Oxygen, for example, 
has a great attraction for nearly all the other elements. An 
atom of oxygen is ready to combine with almost any sub- 
stance with which it comes into contact. For carbon, 
oxygen has a particular liking, and whenever these two 
elements come into contact at a sufficiently high temperature, 
they combine with great rapidity. The combustion of coal 
in the furnace of a boiler is of this nature. The tempera- 
ture of the furnace is raised by kindling the fire, and then 
the carbon of the coal begins to combine with oxygen taken 
from the air. The combination is so rapid and violent that 
a great quantity of heat is given out. 

//. S. II.— 23 
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The elements that enter into combustion are oxygen, and, 
usually, either carbon or hydrogen, Coal, wood, and other 
fuels are composed almost entirely of these three elements. 
Coifibuslion is, therefore, the rapid chemical combination of 
oxygen 'Mith either carbon or hydrogen, or both. 

11. We have seen that when carbon and oxygen d 
bine they form CO^, or carbon dioxide; when hydrogen and 
oxygen combine they form water, Hfi. These are called 
the products of conibiislion. When, as is ordinarily the 
case, the oxygen is obtained from the air, the nitrogen of 
the air passes into the furnace with the oxygen. It takes no 
part in the combustion, but passes through the furnace and 
up the chimney with the CO^ without any change in its 
nature; it is, however, usually called a product of com- 
bust inn in air. 

12. Welghtof Air Required for CombiiBtlon. — It wa» 

shown that Cf, is composed by weight of \'l parts of carbon 
and 33 parts of oxygen. Hence, to burn a pound of carbon 
requires ^| = 2| pounds of oxygen. If the oxygen is taken 
from the air, it will take 2| -^ .23 = ll.ij pounds of air to 
supply the 2| pounds of oxygen. This is because only 
^3 per cent, of air is oxygen. The combustion of a pound 
of carbon may be represented as follows: 



1 pound carbon.. 
11.6 pounds air 



1 pound carbon j ."^ 

, „ u- J > 3.8 ( pounds CO, 

2.a7 pounds oxygen . . .\ • *^ 

[ 8. S3 pounds nitrogen.. 8.D3 pounds nitrogen 



That is, 1 pound of carbon requires 11. G pounds of air 
for complete combustion. Of this air, 2.157 pound: 
oxygen, which combines with the pound of carbon, forming 
3. f)7 pounds of carbon dioxide. The 8, 1*3 pounds of nitrogen 
contained in the air pass oflF with the CO^ as a product of 
combustion. 

Take, next, the complete combustinn of 1 pound of hydro- 
gen. The product of the combustion is water, Hfi. 
has been shown that H^O is composed by weight of % partSi 





lydrogen to Ifi parts oxygen. Hence. 1 pound of // requires 
f^:=S pountls of O to unite with it. The air required to 
itrnish 8 pounds of (7 is 8 -r- . 23 = 34. 8 pounds. The process 
combustion is, therefore, as follows: 

i pound hydrogen.. 1 po.md hydM-gen, ( ^ ,x,u„ds water (//.(?) 
I 8 pounds oxygen . , \ 
. poun air ") 26,)^ pounds nilroRfn,, 28, fi pounds nitrogen 

5.8 a.')." 35,8 

13. There is one other case th;il may occur; the com- 
bustion of carbon may not be complete. If insufficient air 
or oiygen is supplied to the burning carbon, it is possible 
for the carbon and oxygen to form another gas, carbon 
imonoxide, or CO, instead of carbon dioxide, CO,. 

The combustion of 1 pound of carbon to form CO, of 
course, requires only one-half the oxygen that would be nec- 
lessary to form Ct?,. This is because in CO gas 1 atom of 
carbon seizes 1 atom of oxygen instead of 2. To burn 

pound of carbon to CO, requires ll.'i pounds of air. 
'o bum it to (7 (9 would, therefore, require but 5.8 pounds 
of air. 



14. The quantities 
shown in the following s 



>f air required for combustion are 



Hydrogen 34.8 lb., or 457 cu. ft. J 



Product of 
Combustion. 
Water. 



Carbon burned 
to CO, 

Carbon burned 
loCO 



11. n lb., or 153 cu 



I Nitrogen. 

j Carbon dioxide. 

} Nitrogen. 

«,. f. I Carbon monoxid< 

7(i cu. ft. \ 



15. 



( Nitrogen, 
The fuels in common use are composed chiefly o?'i 



carbon with sometimes a small percentage of hydrogettiJ 
oxygen, and incombustible matter, called as/i. When 1 
percentages of carbon and hydrogen are known, the 
required for the combustion of 1 pound of the 
found. For example, suppose a certain coal is '.mi pt-r cent. 
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carbon and 10 per cent, hydrogen. To burn the cart>on 
requires 153 X ^Vii = 1311. S cubic feet of air; to burn the 
hydrogen requires 457 X iW = "^5-7 cubic feet of air. 

Hence, to burn 1 pound of the fuel requires 13(i.8 + 4S.7 
= 183.5 cubic feet of air. 

Rule 1. — To find the ah rfquircd to hum a girfi fuel: 
To the carbon contained in the fuel add 3 times the hydrogen, 
Multiply the sum by 1.52, and the result will be the air 
required, in cubic feet, at a temperature o/S2° F. 

Let A be the number of Cubic feet of air required for the 
combustion of a given fuel; let C be the percentage of 
carbon and H the percentage of hydrogen, both being 
expressed as so many parts in 100. 

Th™. ^ = l='Xj^s + 45rxj|, 

or A^ 1.52 {C-\- 3 //), nearly. 

Example. — The composition of a certain kind <>f cnal is as follows; 

Carbon 84 parts. 

Hydrogen 5 parts. 

Oxygen 7 parts. 

Ash 4 parts. 

\m 
required lo completely burn 1 pound of 

Solution, — According to rule 1, 

A = 1.53(84 + 3 X B) = 150.48 cu. ft. Ans. 

When the fuel already contains oxygen, a little less air is 
required to burn it; if it contains sulphur, a little more air 
will be required than given by the above rule. In either 
case the difference is very slight. It will be found that 
1 pound of coal requires practically the same amount of air, 
whether it be anthracite or bituminous. Roughly speaking, 
it requires about 12 pounds, or IfiO cubic feet, of air to burn 
1 pound of carbon or coal. If less air is supplied, the com- 
bustion is imperfect; that is, the carbon burns to CO 
instead of CO^. 
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16. Heat of Combustion. — The quantities of heat 
produced by the complete combustion of the elements com- 
posing the fuels have been found by experiment. They are 
as follows: 

Hydrogen 62,000 B. T. U. per pound. 

Carbon burned to CO^. 14,600 B. T. U. per pound. 
Carbon burned to CO . 4,400 B. T. U. per pound. 

Kiile 2. — To find the heat of combustion of 1 pound of fuel, 
multiply the percentage of carbon by H6 and the percentage 
of hydrogen by 620, Add the products and the sum will be 
the required heat of combustion in B, T, U, 

Let B represent the B. T. U. produced by the combustion 
of a fuel ; let C and H represent, respectively, the percent- 
ages of carbon and hydrogen composing the fuel expressed 
as parts in 100. 

Then, B = 14,600 X ^^ + 62,000 X ~, 

or ^=146(7+620//. 

Example. — A variety of coal has the following composition: 

Carbon 76.5 parts. 

Hydrogen 4.4 parts. 

Oxygen 3.0 parts. 

Nitrogen 1.1 parts. 

Ash 15.0 parts. 

100.0 

How many B. T. U. will be produced by the combustion of 1 pound 
of this coal ? 

Solution. — Accordinjjj to rule 2, 

B=U^X 76.5 ^ 620 x 4.4 = 13,897 B. T. U. Ans. 

From the Steam Tabic it is found that to chanj^e 1 poiiiul 
of water at 212"' into steam at 212 ' requires Hi;(;+ 15. T. U. ; 
hence: 

Rule 3. — V\) find iJic number of pounds of igniter at r!l P 
evaporated by 1 pound of fucl^ divide the heat of combustion 
of t he fuel by .WO' 
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Example!. — How many pounds uf waler at 212' tan be evaporated 
by I pound of the coal of the last example ? 

SoLUTiow.— The heal of combustion is 18,887 B. T. U. 
13.897 + 960 = 14.38 lb. Ans. 

17. Temperature of Combustion. — The theoretical 
temperature of the combustion of a given fuel can be easily 
calculated. Making no allowance for losses of heat and 
supposing that just enough air is furnished for the combus- 
tion, burning carbon should have a temperature at>nut 
4,940° above zero; burning hydrogen should have a tem- 
perature of about SiSOO" above zero. In practice, these 
temperatures are never attained on account of the losses of 
heat. Usually, the quantity of air admitted to the furnace 
is from /iO to 1((0 percent, more than is theoretically nec- 
essary fur the combustion. This extra quantity of air 
enters at a temperature of 60" or 70°, and escapes up the 
chimney at a temperature of from 4110° to GOO". A large 
quantity of heat is thus wasted and the temperature of the 
fire is greatly lowered. Where the fire is outside the boiler 
and the furnace is surrounded by brickwork, the furnace 
temperature may be 3,500° or 3,000°; but when the furnace 
is inside the boiler and is surrounded on all sides by water, 
the temperature rarely rises above ZyODO" and is usually less. 
A high temperature is desirable, since the water of the boiler 
will take up heat much faster at high temperatures than at 
low temperatures; combustion is also more perfect at high 
temperatures. 



EXAMPI.KS FOR I'RACTICB. 

1. How many pounds of air will be required for the perfect 
combustion of 7 pounds of carbtm 7 Ans. 81.2 lb. 

2. A fuel is 1^8 per cent, carbon and 12 per cent, hydrogen. How 
many eiibic feet <)f air are required for complete combustion of 1 pound 
of the fuel ? Ans. 188.48 cu. " 

8. (a) How many B. T. U. would the combustion of the pound of 

fuel of enample 3 give out ? (d) How many pounds of water at 213" 

would I jKiund of this fuel evaporate? {(a) 30,288 B. T, U. 

t{A) lillb. 



I 
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4. The chemical symbol of the prc<Iuci *•{ ctimbu<tif.n «-f sulphur 
with oxyg^en is SOt (sulphurous oridei- What is the composition of 
this gras by weight ? . » Sulphur 50;. 

t Oxygen 5»K. 

5. Assume that, with ordinary draft, double the theoretical quantitr 
of air is used to bum a fueL Under these circumsUnces. how many 
cubic feet of air would be required to bum 115 pounds of coal, the 
chemical composition being //, 5 parts: C, W parts; O. 3 parts: and 
ash. 2 parts; total, 100 parts. Ans. 36, TO? cu. ft. 



rUElJS USED IX STEAM MAKEVG. 

18. Introduction. — The fuels used in the generation of 
steam are chiefly coal, coke, wood, the mineral oils (such as 
petroleum), and natural gas. Other fuels, such as the waste 
gases from blast furnaces, straw, bagasse (refuse from sugar 
cane), dried tan bark, green slabs, sawdust, peat, etc. are 
also used. All these fuels are com|>osed either of carbon 
alone or carbon in combination with hydrogen, oxygen, and 
non-combustible substances. 



CLAS-SinCATIOX OF COAL. 

19. Ijeadfnsr Varletic*s. — A prominent authority, Mr. 
William Kent, divides coal into four leading varieties, as 
follows : 

1. Anthracite coal, which contains from 92.31 to 100 per 
cent, of fixed carlx>n and from to 7.f>9 |>er cent, of volatile 
hydrocarbons. 

2. Scmi-anthracitc coal, which contains from 87. o to 
92.31 per cent, of ^\i^(\ carbon and from 7.<39 to 1-2.5 per 
cent, of volatile hydrocarbons. 

3. Semi-bituminous coal, which contains from 75 to 87.5 
per cent, of ^xnCi carbon and from 1*2.5 to 25 per cent, of 
volatile hydrocarbons. 
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4. Biluiin'iwiis lOn/, wliii-h contains from In 75 per cent, 
of fixed carbon and from 25 to 100 per ceut. of volatile hydro- 
carbons. 

30. Anthracite coal is rather hard to ignite and 
requires a strong draft to burn it. It is quite hard and 
shiny; in color it is a grayish biack. It burns with almost 
no smoke; this fact gives it a peculiar value in places where 
smoke is objectionable, 

31. Anthracite coal is known to the trade by different 
names, according to the size into which the lumps are 
broken. These names, with the generalSy accepted dimen- 
sions of the screens over and through which the lumps of 
coal will pass, are given in the following table: 

Culm passes through yV'"^'* round mesh. 

Rice passes over ^-inch mesh and through J-inch square 
mesh. 

Btiikiflieat passes over f-inch mesh and through ^-inch 
square mesh. 

Pea passes over i-inch mesh and through J-inch square 
mesh. 

Chestnut passes over J-inch mesh and through If-inch 
square mesh. 

Stove passes over If-inch mesh and through 2-inch square 
mesh. 

Egg passes over 2-inch mesh and through 2}-inch square 
mesh. 

Broken passes over 2}-inch mesh and through 3i-inch 
square mesh. 

Steamboat passes over S^-inch mesh and out of screen. 

Lump passes over bars set from 3^ to 5 inches apart. 

3S. I^enil-anthraclte coal kindles easily and burns more 
freely than the true anthracite coal. Hence, it is highly 
esteemed as a fuel. It crumbles readily and may be distin- 
giiiahed from anthracite coal by the fact that when just 
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fractured it will soil the hand, while anthracite will not do 
so. It burns with very little smoke. Semi-anthracite coal 
is broken into different sizes for the market ; these sizes are 
the same and are known by the same trade names as the 
corresponding sizes of anthracite coal. 

S3. Semi- bituminous coal differs from semi-anthracite 
coal only in having a smaller percentage of fixed carbon and 
more volatile hydrocarbons. Its physical properties are 
practically the same, and since it burns without the smoke 
and soot emitted by bituminous coal, it is a valuable steam 
fuel. 

24. Bltumlnoujs coal may be broadly divided into three 
* general classes: 

1. Caking Coal, — This name is given to coals that, when 
burned in the furnace, swell and fuse together, forming a 
spongy mass that may cover the whole surface of the grate. 
These coals are difficult to burn, since the fusing prevents 
the air passing freely through the bed of burning fuel ; when 
caking coals are burned, the spongy mass must be frequently 
broken up with the slice bar, in order to admit the air 
needed for its combustion^ 

2. Free Burning Coal. — This is often called non-caking 
coal from the fact that it has no tendency to fuse together 
when burned in a furnace. 

3. Canftel CoaL — This is a grade of bituminous coal that 
is very rit:h in hydrocarbons. The large percentage of vola- 
tile matter makes it valuable for gas making, but it is little 
used for the generation of steam, except near the places 
where it is mined. 

26. Bituminous and semi-bituminous coals are known to 
the trade by the following names: 

Liiinp coal, which includes all coal passing over screen bars 
1\ inches apart. 

Nut coal, which passes over bars J inch apart and through 
bars 1^ inches apart. 
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Pea cuitl, which passes over bars ^ int;h apart anJ Ihrnugh 
bars J inch apart. 

Slack, which includes all coal passing through bars f inch 
apart, 

36. Lipfnite, accortiing to the classification, comes under 
the general head of bituminous coal. Properly speaking, it 
occupies a position between peat and bituminous coal, being 
probably of a later origin than the latter. It has an uneven 
fracture and a dull luster. Its value as a steam fuel is 
limited, since it will easily break in transportation. Expo- 
sure to the weather causes it to absorb moisture rapidly; it 
win then crumble quite readily. It is non-caking and yields 
but a moderate heat, and is in this respect inferior to even 
the poorer grades of bituminous coal. 

27. Coke is made from bituminous coal by driving off 
its volatile constituents. It is used chiefly for metallurgical 
purposes, though it is a valuable fuel for steam purposes, 

as. Wood is much used in localities where it is abundant. 
The effective heating value of different kinds of wood differs 
but very little. 

39. Ba^rasse is the refuse left after the juice has been 
extracted from the sugar cane by means of the mill rolls. 
It is used to some extent in tropical and semitropical coun- 
tries. Naturally, its use is limited to the places where the 
sugar cane is grown. 

Dried tan bark, straw, slabs, and sawdust being refuse, 
their use is local and usually confined to tanneries, planing 
and sawmills, and threshing outfits. 

30. Petroleum is occasionally used as a fuel and, as 
such, possesses some advantages, among which are the ease 
of lighting and controlling the fire, the uniformity of com- 
bustion, and the economy in labor. Its disadvantages are; 
danger of explosion, loss of fuel by evaporation, and high 
price in comparison with coal. The Standard Oil Company 
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Date that 173 gallons of petroleum is equal to 1 long 
1 (3,340 pounds) of coal, allowing for all savings inciden- 
tal to its use. 

31* Natural gas is abundant in parts of Ohio and Penn- 
iqflvania, and is there often used as a fuel for the generation 
C4E steam. On an average, 30,000 cubic feet of natural gas 
£jfa the equivalent of 1 ton of coal. 

3S. Waste senses from the furnaces of rolling mills and 
jfrom blast furnaces are extensively used. Naturally, their 
use is limited to the places where they are produced. 

33. Peat may be classified asoccupying an intermediate 
position between wood and coal. When first cut, it is totally 
unfit for fuel, since it contains from 75 to 80 per cent, of 
water. When dried, it makes a fairly good fuel. 

The Babcock and Wilcox Company state that on the aver- 
age 1 pound of good bituminous coal may be considered as 
the equivalent of 2 pounds of dry peat, 2i pounds of dry 
wood, 2^ to 3 pounds of dry tan bark or sun-dried bagasse, 
3 pounds of cotton stalks, 3J pounds of straw, f! pounds of 
wet bagasse, and from 6 to 8 pounds of wet tan bark. 



SVgTEMl:^ OF HAF 

34. The style of Bring to be adopted in any given case 
depends largely on the conditions present, such as the kind 
of fuel used, the intensity of the draft, the demand for 
steam, etc. 

There are three methods of hand firing, known as coking- 
firing, sfrcaiiingfivm^, and alttrnalf firing, in common use. 
Each of these methods has advantages peculiar to itself, and 
none is applicable to all cases and all conditions, that is, if 
economy in the generation uf steam is an object. 
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35. The foklntf Bjsteiii of firing is especially adapted to 
bituminous coals which are rich iu volatile matter. The 
coal is first piled on the dead plate near the door and there 
allowed to coke. After coking from 20 to 30 minutes the 
hydrocarbons will have been driven off. The coke is then 
pushed toward the bridge and distributed evenly over the 
fire. A new charge of coal is immediately heaped upon the 
dead plate. 

This is one of the most economical methods of burning 
bituminous coal; if properly managed it will give excellent 
results in regard to the prevention of smoke. In order to 
get good results, the furnace door should be perforated and 
a suitable damper fitted for opening and closing the per- 
forations. The air admitted in jets through the openings 
mixes intimately with the gases formed ; the mixture passes 
to the rear over the bed of burning coke on the grate, where 
the temperature is high enough to secure their ignition and 
complete the combustion before they are chilled by contact 
with the cold surfaces of the boiler and tubes. 

36. To secure success with this method, the coal should 
be charged in small quantities and allowed to remain on the 
dead plate initil it is as thoroughly coked as possible; 
30 minutes will, in general, be sufficient. As a matter of 
course, actual trial in each and every case will have to deter- 
mine the proper length of time. Large lumps that will coke 
slowly must be broken up; if the coal cakes badly in coking, 
the crust thus formed must be broken with the slice bar from 
time to time, so as to secure the complete removal of the 
hydrocarbons. The size of the grate and the intensity of the 
draft should be such that the coke will be burned at as high a 
rate of combustion, per square foot of grate surface, as the 
conditions will permit. This results in a high furnace tem- 
perature that promotes complete combustion of the gases. 

Coking firing for stationary work is but little practiced in 
the United States, but is much used in marine work in all 
parts of the world and for stationary work in European 
countries. It is best adapted for cases where the demand 
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for steam is moderately regular, since with o-»king firing it 
is somewhat difficult to force the boiler when there is a sud- 
den heavy demand for steam. Coking firing should never 
be adopted for anthracite coal. 

37. The spreadtn^ system of firing consists of covering 
the whole of the grate evenly with the fresh charge of coal. 
It is the system in most common use. While go<xi results 
can be obtained by it, if the firing is done by a skilled fire- 
man, it is not particularly to be recommended either for 
economical or for smokeless combustion. Best results will 
be obtained from the spreading system by firing light 
charges at frequent inter\'als. The habit that many unskilled 
firemen have of covering the incandescent coke on the grate 
with a thick layer of fresh coal naturally results in a low- 
ering of the furnace temperature far below the ignition pi^nt 
of the hydrocarbons driven off. In consequence, there is an 
enormous waste of heat, and, with bituminous coal, vast 
quantities of black smoke are produced. To prevent this 
heat loss, the firing must be light and frequent. The 
spreading system is best adapted to anthracite coal in sizes 
larger than pea coal. 

38. In the alternate system of firing, the coal is thrown 
alternately on each side of the furnace ; at one firing one 
side of the grate is spread with coal, and at the next firing 
the other side receives the charge. This method is prefer- 
able to the spreading system in that the whc^le of the furnace 
is not cooled off at once by the fresh fuel. While it keeps a 
bright bed of fuel in at least one side of the furnace and tends 
to keep the average temperature of the furnace nearly con- 
stant, it cannot be recommended as being the best method 
for securing complete combustion of the hydrocarbons that 
form a valuable constituent of bituminous coal. The gases 
from the freshly fired coal, instead of being passed over the 
bright bed of fuel on the other side of the furnace, are likely 
to pass directly to the chimney without being sutlieiently 
heated to secure their ignition and complete combustion. 
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For both bituminous and anthracite coals, it is preferable to 
the spreading system, however, since gas explosions in the 
furnace are not as likely to occur as when the spreading system 
is used. 

39. Gas Kx plosions.— Explosions of the gases in the 
furnace, commonly called bai-k di-aft, occur usually with 
small coal and are the result of careless firing. When the 
smaller sizes of anthracite or bituminous coal are burned 
with the spreading system, and when a heavy charge is put 
into the furnace, it is entirely feasible to obtain an explosive 
mixture of air and gas needing but a spark to ignite it. 
Owing to the interstices between the pieces of coal being 
small and tortuous with the smaller coals, the hydrocarbons 
driven off from the heavy charge are not ignited as rapidly 
as formed and, hence, collect and mix with the air above the 
grate, forming an explosive mixture if the conditions are 
right. All danger of a gas explosion is obviated if the firing 
is done very lightly, or if the altemale system is adopted, 
or if some part of the fire is left uncovered when putting in 
fresh coal, thus igniting the hydrocarbons as quickly as they 
are distilled off. The smaller the size of the coal, the 
greater is the liability of a gas explosion with a heavy 
charge fired spreading. With coals of sizes larger than pea 
coal, there is little danger of an explosion when fired spread- 
ing, e.'scept when fired thick instead of light. 



40. 



METHODS OF PIMJDUCING DRAFT. 

The air required by the furnace for the combustion 



of the fuel is supplied by the draft. There are two ways of 
making a draft: 

1. By means of a chimney. 

2. By means of a fan or blower. 
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NATURAIi DRAFT. 

41, Natural draft is produced by the difference between 
he weight of a column of hot gases contained within a chim- 
ley and the weight of the same bulk of cold air. It is well 
cnown that any gas, when heated, is lighter, bulk for bulk, 
:han when cool. Now, when the hot gases pass into the 
chimney they have a temperature of 400° or 500°, while the 
air outside the chimney has a temperature of from 40° to 90'^. 
Roughly speaking, the air weighs twice as much, bulk for 
bulk, as the hot gases. Naturally, then, the pressure in the 
chimney is a little less than the pressure of the outside air. 
Consequently, the air will flow from the place of higher 
pressure to the place of lower pressure; that is, into the 
chimney through the furnace. 

4:2. As an example, suppose that a chimney is 150 feet 
high and that the temperature of the hot gases is 500°. A 
column of gas at this temperature, 150 feet high, and of 
1 square foot cross-section, weighs about tU pounds. A 
column of air at 00°, of the same length and cross-section, 
weighs about 1^ pounds. Hence, the difference in pressure 
at the bottom of the chimney is IH — 0| = 5 pounds per 
square foot. In other words, the pressure of the draft is 
5 pounds per square foot. 

It is customary to express the pressure of the draft in 
inches of water. It has been shown that the pressure of the 
atmosphere, 14.7 pounds per square inch, supports a column 
of water 34 feet high. 

34 ft. of water = 14.7 lb. per sq. in. ; 
or, 34 X 1*2 = 408 in. of water =14.7 lb. per sq. in. : 

= '2,11«).S lb. per scj. ft. 

1 4 '*' 
Therefore, I inch of water = - - = .iVM lb. per s(i. in. ; 

4()S ^ ' 



I 
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43. The intensity of the draft is measured by means of 
I water gauge shown in Fig. 1. As will be seen, it is a 
glass tube ojwn at both ends, bent to the shape 
of the letter U ; the left leg communicates with 
/S(« 1 VM '^^ chimney. The air outside the chimney being 
* lilTri heavier, it presses on thesurface of the water in 
the right leg and forces some of it up the left leg; 
the difference in the two water levels //and zTin 
the legs represents the intensity of the draft 
and is expre.ssed in inches of water. 

44. The draft pressure required depends on 
the kind of fuel used. Wood requires but little 
draft, say ^ inch or less; bituminous coal gen- 
erally requires less draft than anthracite. To 
burn anthracite, slack, or culm, the draft pres- 
sure should be 1 J inches of water. 

The chimney is used both to create a draft 
'" ' and to carry off the obnoxious products of com- 

bustion. The draft produced by a chimney may vary from 
i inch to 3 inches of water, depending on the temperature 
of the chimney gases and on the height of the chimney. 
Generally speaking, it is advantageous to use a high chimney 
and as low a temperature as possible for the gases. 



MECnANlCATi DRAFT. 

45. ArtlfiflttI draft is produced by means of fan blow- 
ers or steam jets. According to the manner in which it is 
applied, it is known as /orcfi/ draft or induced draft. In a ' 
forced-draft installation, the air is forced into the ash-pit by 
suitable means; in an induced-draft installation, a partial ' 
vacuum is created in the chimney. Both of these systems \ 
are in common use. 

4G. IForfwl Di-aft. — For forcing air under pressure into I 
the ash-pit, either a fan blower or steam jet may be used. 
A common construction of a fan blower is shown in Figs. %\ 
and 3. The shell, or housing, is made of steel plate, with a | 
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substantial base of cast iron or wrought iron. An outlet is 
placed at the desired point of the circumference, whence the 
air is discharged into the duct leading to the ash-pit. la 




the fan shown in Fig. 2 there is one inlet, which has the fan 
shaft in its center and is on the side farthest from the pulley 
and support, The fan shaft is supported in two bearings 
and carries the fan wheel within the casing. The usual con- 
struction of the fan wheel is shown in Fig. 3. Arms made of 
T iron are fastened to the hubs and carry at their ends the 
blades. These blades are tied together by the side plates. 

The fan is operated by a belt from an engine or may have 
an engine connected directly to it. The air discharged by 




t fan may be introduced into the ash-pit through an open- 
ing in the bottom of the bridge wall, which is then built 
hollow, as shown in Fig. 4. The opening is closed by the 
//. S, H.—26 
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damper shown. This arrangement is recommended for a 
new boiler plant. When the fan draft is applied to an old 
plant, the air may he introduced in front through an open- 
ing in the bottom of the ash-pit, as shown in Fig. 5. When 




the damper is closed, the ashes may be readily raked over it. 
The damper when opened serves to thoroughly distribute 
the air in the ash-pit. The ducts leading to the ash-pit i 
be underground, as shown in Fig. G. There is one duct 




along the front of the boilers, with one branch for each ash- 
pit. When a low first cost is essential, galvanized-iron pipos^ 
may be used for ducts, with the main pipe overhead and 
branch pipe extending down to each boiler. While thei 
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K-tallation of a fan blower is more costly than that of a 
Kam jet. il is much more economical in running than the 
tter. 

47. A McClave arnfand steam Ijlower for forcing air 
ito the ash-pit is shown in Fig. 7. The blower consists of 




a long air tube / discharging from the end s below the grate. 
In the other end of the tube is placed a ring-shaped tube r, 
perforated on the right with small holes. Steam from the 
boiler is led into the ring by the pipe / and escapes in jet? 
through the perforations, carrying air along with it into the 
ash-pit. This method of producing a forced draft is exten- 
sively used in the coal regions for burning the finer grades 
of anthracite coal and for bituminous slack. 

4r8. Induced draft, or suction draft, as it is occasion- 
ally called, may be produced by a fan placed in the uptake. 
A typical induced-draft installation, in which the engine is 
connected direct to the fan, is shown in Fig. 8. 

The fan, when running, creates a partial vacuum in the 
uptake and furnace, thereby causing the outside air, under 
the influence of its greater pressure, to flow into the ash-ph.. 
The fan may be placed directly over the boilers, as shown, in j 
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Fig. 8, and discharge the gases into a short steel stack; or, 
it may be placed where most convenient. When applj'ing 




induced-fan draft to an old plant using natural draft, the fan 
may be placed in connection with the smoke flue in such a 
manner as to draw the gases from it and return them to it 
again at a point farther on, whence they pass to the existing 
chimney. Suitable dampers serve to switch off the fan and 
pass the gases directly through the flue when the fan is not 
in service. 

A vacuum may also be caused in the chimney by means of 
a Steam jet; this is a method commonly adopted in loco- 
motives, in which the exhaust nozzle is placed in the stack, 
and the exhaust steam, by carrying with it the air in the 
stack, creates the draft. This method is seldom used in 
stationary practice. 



ADVANTAGES OF MEtHANICAI. nRAFT. 

49. Mechanical draft possesses certain advantages over 
natural draft which in many cases make it advisable to sub- 
stitute it for natural draft. These advantages are as follows; 

50. Adaptability. — Blowers may be applied under 
almost all circumstances and are independent of location. 
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They may be used to assist an existing chimney in order to 
-help a plant weak in chimney power or primarily for the 
creation of draft. 

SI. Ease of Control and Flexibility. — ^A fan may be 

automatically controlled to produce a very close approach to 

a uniform steam pressure by attaching an automatic damper 

regulator to the throttle valve of the engine. With natural 

draft, the intensity of the draft depends on the intensity of 

the fire, and is, therefore, least when the fire is low. With 

mechanical draft, however, the draft is independent of the 

condition of the fire, and, consequently, banked fires may be 

started up quickly. Furthermore, it can be readily adjusted 

for the combustion of different kinds of fuel and for widely 

varying combustion rates. Owing to the intensity of draft 

that may be created, not only can the low grades of coal be 

burned successfully, but, also, the amount of steam generated 

by each boiler may be greatly increased. 

SZm Independence of Climatic Conditions. — ^As is well 
known, there is a decided difference in the intensity of the 
draft produced by a chimney in summer and that produced 
in winter time. Likewise, on damp and muggy days, the 
draft is lessened. But mechanical draft is entirely independ- 
ent of these conditions. 

S3m Forced draft produced by a steam blower possesses 
the advantage of cheapness in first cost when applied to a 
few boilers. For a large installation its' cost will probably 
exceed that of a fan-draft installation, since one steam blower 
will be required for each ash-pit. Furthermore, the steam 
consumption of the steam blower is quite high. It seems to 
be an advantage when used with coals that clinker badly, 
some engineers reporting that it greatly lessens the trouble 
from clinkers adhering to the firebrick lining of the furnace. 

The draft produced by a steam blower is as flexible and as 
easily adapted as fan draft. It is, however, difficult to 
regulate it automatically so as to get satisfactory results. 
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It will be noticed that the Examination Questions that 
follow have been divided into sections, which have been 
given the same numbers as the Instruction Papers to which 
they refer. No attempt should be made to answer any of 
the questions or to solve any of the examples until that 
portion of the text having the same section number as the 
section in which the questions or examples occur has been 
carefully studied. 
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EXAMINATION QUESTIONS. 

(1) Fig. I represents a helix of wire around which an 
electric current is supposed to be circulating in the direc- 
tion indicated by the arrows. 
Which of the two ends, a or b, is 
the north pole of the solenoid ? 
Why? 

(2) What will be the sign of the 
static charge developed (a) on a ^^^ ^• 
glass rod when rubbed with fur ? (b) on a piece of sealing- 
wax when rubbed with silk ? 

(3) The separate resistances of two branches A and B of 
a derived, or shunt, circuit are 16.2 and 14.1 ohms, respect- 
ively. If the sum of the currents in the two branches is 
6.37 amperes, what is the current in each branch ? 

. j 2.9043 amperes in branch A, 
\ 3.4057 amperes in branch B. 

(4) In a closed circuit, the resistance between two 
points is 2.3 ohms. {a) What current flowing between 
these points will cause a difference of potential of 58.4 volts ? 

§8 
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{^) What is the power in watts dissipated between these two 
points ? (c) Give its equivalent in horsepower. 

I {(i) 25.3913 amperes. 
Ans. } {^) 1,482.8521 watts. 

( (c) 1.9377 horsepower. 

(5) Fig. II represents a closed circuit consisting of a vol- 
taic battery B and two conductors X and V connected in 
series. The internal re- 
sistance of the battery is 
17.3 ohms, and the sepa- 
rate resistances of the con- 
ductors A' and }' are, 
respectively, 8.2 and 11.3 
''"^■"' ohms. What is the total 

E. M. F. in volts generated by the battery if a current of 
.75 ampere flows through the circuit? Find the difference 
of potential in volts between a and i, between i and c, and 
between c and a. 

f Total E. M. F. developed by battery = 27.525 volts. 
I Difference of potential between a and i = 8.475 volts. 
I Difference of potential between ii and c = 6.15 volts. 
I Difference of potential between c and a = 14. B35 volts, 

(fi) A voltaic battery whose internal resistance is 36. 2 ohms 
is connected to a copper wire having a resistance of 
21.7 ohms. What is the total electromotive force in volts 
generated in the battery if a current of ,137 ampere flows 
through the circuit ? Ans, 7.3533 volti 

(7) How many coulombs of electricity pass through 
a circuit in 2i hours when the strength of current is 
8.33 amperes? Ans. 67,392 coulombs, 

(8) Given, electromotive force = 112.5 volts and strength 
of current — 13.3 amperes; find the power in watts. 

Ans. 1.372.6 watts. 



Ans. 



(9) The resistance of a copper 
60° F. ; find its resistance at 85° F. 



ire is 43.2 ohms at, 
Ans. 45,5274 ohms.. 
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^^ (10) The separate resistances of three conductors .-i, R. 
^^id ^are, respectively, 37, 45, and 72 ohms. What is their 
^^"rfnt resistance when connected in parallel ? 
P Ans. 15.8383 ohms. 

Bl (3.1) The separate resistances of four conductors A, B, C, 
\ D are, respectively, 3, 19, 72, and 111 ohms; find their 
>Znt resistance when connected in series. Ans. 306 ohms. 

(12) How much energy mj'otilfs is expended in a closed 

ircuit during 1| hours in which the current is maintained 

t 14,2 amperes, the resistance of the circuit being 8 ohms ? 

Ans. 7,269,040 joules. 

(13) In Fig. Ill, the difference of A 
potential between a and ^ is 11.6 volts. 6/^^^^^g 
If the strength of the current in branch t ( ^ = — -^ 
A is 6.7 amperes and the strength I 
of the current in B is 4.9 amperes, 
what is the separate resistance of each 
■branch ? ""* '"■ 

I The separate resistance of branch A = \. 7313 ohms. 
■ 1 The separate resistance of branch B = 'l. 3073 ohms. 

(14) The E. M. F. of a battery is 22.4 volts and its 
internal resistance is 13.4 ohms. What is the resistance of 
an external conductor connected to the battery when the 
current flowing in the circuit is .43 ampere ? 

Ans. 38.693 ohms. 

(15) What must have been the strength of current in 
amperes in a closed circuit through which 3fJ8,422 coulombs 
of electricity passed in 4J hours ? Ans. 22.7421 amperes. 

(16) Find the work done in foot-pounds when a current 
of 2.4 amperes flows against a resistance of 45 ohms for 
60 minutes. ■ Ans. 573,324.48 foot-pounds. 

(17) Given, the electromotive force = 526 volts and 
strength of current = 12.5 amperes; express the number of 
horsepower, Ans. 8.7969 horsepower. 
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(18) (it) How many watts are dissipated by a current of 
110 amperes flowing against a resistance of i.i ohms? 
(^) Give its equivalent in horsepower. 

. J (a) 50.820 watts. 
"^' ( (<*) 68. 1233 horsepower. 

(19) If the resistance of 1,000 feet of round copper wire 
.1 inch in diameter is 1 ohm, find the resistance of 2,000 feet 
of square copper wire .1 inch on a side. Ans. 1.6708 ohms. 

(20) Find the equivalent of 54,200 watts in horsepower. 

Ans. 72.6541 horsepower. 

(31) The specific resistance of mercury is 37.15 microhms 

per cubic inch ; find the resistance in ohms of a round column 

of mercury 72.3 inches high and .04 inch in diameter, at 

32° P. Ans. 2.1308 ohms. 

(22) The total E. M. F. developed within a battery is 
45 volts and the internal resistance of the battery is 33 ohms; 
find the strength of current flowing when the battery is con- 
nected in circuit with a resistance of 30 ohms. 

Ans. .7143 ampere. 

(23) An E. M, F. of 510 volts is consumed in an electric 
receptive device and a current of 24.3 amperes is flowing in 
the circuit; calculate the power in watts supplied to the 
receptive device. • Ans. 12,393 watts. 

(34) A battery of twenty-four cells is arranged in multi- 
ple-series as shown in Fig. IV. There 
are four groups of six cells each, 
connected in series, and the four 
groups are connected in multiple, 
or parallel, to two main conductors 
•'C and c'. If the E. M. F. developed 
by each cell is 1.5 volts, what will 
be the E. M. F. indicated by the 
voltmeter F Af when its binding 
posts are connected tn the main 
conductors c and c', as shown in 
the figure ? 
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(25) The available E. M. F. de^-eloped by an electric 
source is 250 volts and a current of Ha."! amperes is flow- 
ing from it; determine its output in horsepower. 

Ans, 2i.0174 horsepower. 



{•iC) Fig. 1 
around which 
insulated conductor *■ r' r". 
If a current circulates 
through the conductor in 
the direction as indicated 
by the arrows, which of the 
iwtJ ends, it or d, is the south 
p'lle of the magnet ? 

{■i7) Give the names of 
all the known magnetic sub- 



e presents a horseshoe electromagnet Jif 
wound an 





(-•a) A compass C is placed between the north and the 
south poles of two mag- 
nets, as shown in Fig. VI. 
Toward which pole will 
the north pole of the 
compass needle tend to 
point, and why ? 

(2H) A compass C is placed alongside a bar magnet 
opposite the neutral line, as shown 
in Fig- VII. Toward which pok- 
fif the magnet will the south pi>If 
of the compass needle tend to 
oint, and why ? pic, vii. 

I (30) In an electromagnet. Fig, VIII, the coil of wire is 
wound around an iron core in a right- 
handed spiral. Through which end, 
ii or (*, of the wire must the current 
enter in order to produce the polarity 
as represented in the figure? Why? 
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(31) The resistance of a platinum wire 112 feet ri iDches 
long is 100.8 ohms; calculate the resistance of 11.7 inches of 
the same wire, other conditions remaining unchanged. 

Ans. .873(1 ohm. 

(32) The resistance of a German-silver wire is 91.8 ohms 
at 45" F. ; calculate its resistance when its temperature is 
7'J° F., other conditions remaining unchanged. 

Ans. 92.4048 ohms. 

(33) If the resistance of a copper wire is .144 ohm at 
87° P., what is its resistance at 41° F. , other conditions 
remaining unchanged? Ans. .131 ohm. 

(34) The diagram. Fig. IX. represents a particular pattern 
of resistance box for a Wheatstone bridge, with battery and 
galvanometer circuits properly connected for taking resist- 
ance measurements. An unknown resistance -V is connected 




to the terminals r and b. After adjusting the resistances of 
the same by withdrawing the plugs, as represented by thf 
open spaces between the contacts, the galvanometer shows 
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no deflection when the keys k and k* are pressed and the 
battery and galvanometer circuits are closed. Under these 
conditions, what is the resistance of X ? Ans. 7.23 ohms. 

(35) The total E. M. F. developed in a closed circuit is 
36 volts, the internal resistance is 18 ohms, and the external 
resistance is 24 ohms; determine the strength of current in 
amperes flowing in the circuit. Ans. .8571 ampere. 

(36) A current of 2.7 amperes is flowing in a closed 
circuit. If the total E. M. F. developed in the circuit is 
12.6 volts, what is the total resistance of the circuit ? 

Ans. 4.(5667 ohms. 

(37) The external resistance of a closed circuit is 31.5 
ohms and the internal is 11 ohms. If a current of .8 ampere 
is flowing through the circuit, what is the total E. M. F. in 
volts developed ? Ans. 34 volts. 

(38) The total E. M. F. developed in an electric source 
is 250 volts. If 10 per cent, of this E. M. F. is required to 
transmit a current of 80 amperes to and from a receptive 
device situated 600 feet from the source, (li) what is the 
total resistance of the two conductors, and (b) what is their 
resistance per foot, considering each to be 600 feet long ? 

. j (rt') .3125 ohm. 
"^' \ \b) .00026 ohm per foot. 

(39) The internal resistance of a battery is 8. 1 ohms and 
the total E. M. F. developed in it is 24 volts. What is the 
available or external E. M. F. of the battery when the 
circuit is completed by an external conductor offering a 
resistance of 15.9 ohms ? Ans. 15.9 volts. 

(40) The separate resistances of two branches A and /> of 
a derived circuit are 1.2 and 2.2 ohms, respectively. If the 
sum of the currents in the two branches is 45 amperes, what 
is the current in each branch ? 

. ( The current in branch A is 29.1176 amperes. 
' \ The current in branch B is 15.8824 amperes. 
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(41) (fl) What is a kilowatt ? {l>) If a machine has a 
capacity of 150 kilowatts, what is its capacity in horsepower ? 

Ans. (d) 201.072 horsepower. 

(42) A 23f)-vo]t dynamo has a capacity of 300 kilowatts, 
what will be its full-load current ? Ans, 1,300 amperes. 

(43) ((?) What is a kilowatt-hour ? {d) If an average of 
40 amperes flows in a 110-volt circuit for 9 hours and 30 min- 
utes, what is the amount of work accomplished, expressed 
in kilowatt-hours? Ans. (^) 41.8 kilowatt-hours. 
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DYNAMOS AND MOTORS. 



EXAMINATION^ QUESTIONS. 

(1) Suppose that a ring-core armature of a bipolar 
dynamo is wound with 200 complete turns of wire that 
are properly connected' to the segments of a commutator 
for generating a continuous current, and that there are 
6,250,000 lines of force passing through the armature from 
the poles of the field magnets. If the strength of the field 
remains constant and the armature is rotated at a uniform 
speed of 1,200 revolutions per minute, what is the total elec- 
tromotive force in volts generated in the armature ? 

Ans. 250 volts. 

(2) If the resistance of the field coils in a shunt-wound 
dynamo is 440 ohms, and the difference of potential between 
the brushes when the external circuit is open is 220 volts, 
what is the strength of current in the field coils ? 

Ans. .5 ampere. 

(3) What is the distinction between an alternating cur- 
rent and a continuous current ? 

(4) Fig. I shows a cross-sectional view of a uniform mag- 
netic field taken at right angles to the direction of the lines 
of force; that is, the dots represent the ends of the lines of 
force, their direction being downwards, piercing the paper. 
C represents a closed coil of some conducting material, such 
as copper, that is placed in the magnetic field with its plane 

For notice of the copyright, sec page immediately following the tiUe page. 
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at r^bt angles to the directirn of the lines of force. If ihe 
dosed coil u sudden n \ U Ir m its original posilioc to 
another position in ihc 
held as to C as shown 
bj the dotted coil, witl- 
out changing the relative 
jfS^ position of its plane wiib 

the direction of the lino 1 
*''^*'d of force, state whether 01 1 
^ ' not a momentary current ' 

will Ltrculale around the coil when the movement is maik, 
and give the reason. 

(5) The output from a certain dynamo is 17,500 waiu. 
and its efficiency at this output is 87. o per cent. If 2.6 per 
cent, of the input is used to excite the field magnets, st^itc 
the field loss in watts. Ans. 530 watts. 

(li) The resistance of the shunt field coils of a constant- 
jKitential dynamo is 55 ohms and the difference of potential 
between the brushes when the armature is revolving at nor- ' 

inal >[)ff(l is 111) vi'lis. How many watts are n;qiiired to 
c,\>iti.- tiiL- Ik'hi iii;ij;iicts ? An*;. •2-i" ivatts. 



W'h 



nd foi 



n-hat is it used : 



(S| Th,- nuipm nf .1 (lyiiam.. is H.5.(»n(l watts and ii> 
rtiii ii n. y ^ii this niitjiiit is '."1.5 ptr cent. ; determine ihi- input 
\." ilu' annaturu and L'X|}rcss the same in horscpowi-r. 

Ans. <i(i.-JS hcrsciioutr. 
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the connections 
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11 tlu- current 


lli'Hl 


inilirat.-d by the 
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■ tlu> two pole 




lu- north pole? 
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(10) The input to a dynamo is 10 horsepower and its out- 
Iput is G,341 watts. What is its etEciency at this load ? 

Ans. H5 per cent. 

(11) Fig. Ill represents a cross -sectional view of a uni- 
I'form magnetic field. The dots represent an end view of the 
IKnes of force, their direction being downwards, piercing the 
■ paper; or, in other words, the observer is looking along the 
r lines of force toward the face of a south pole; c represents 
t a moving conductor placed in the magnetic field with its 




length at right angles to the direction of the lines of force; 
its two ends are connected to an external circuit consisting 
if the resistance N. If the conductor is moving upwards 
across the magnetic field in the direction shown by the 
arrows, in which direction will the current tend to flow in 
the circuit ? 

(12) A dynamo shows an efficiency of 85 per cent, when 
its output is 11,900 watts, and I.H per cent, of the input is 
lost in the core by eddy currents and hysteresis. What is 
the core loss in watts ? Ans. 353 watts. 

(13) (a) What is meant by the cuunter torque of a dyna- 
mo ? {b) What causes it ? 

(14) A dynamo generates 125 volts at a normal load < 
130 amperes; if the resistance of the armature froDt'^ 
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brush is .040 ohm, what is the armature loss in watts due to 
resistance ? Ans. 57(j watts. 

(15) In a compound-wound dynamo the resistance of the 
shunt field coils is 650 ohms and the resistance of the series 
field coils through which all the current to the external cir- 
cuit flows is .04 ohm. The dynamo generates 550 volts 
between its brushes when the output is 40 amperes. Deter- 
mine the total number of watts lost in the shunt and series 
field coils combined at this output. Ans. H14 watts. 

(16) What causes the neutral points in a dynamo to shift 
when a current is flowing in the armature conductors ? 

(17) The separate losses at full load in a particular dyna- 
mo are as follows: 

Loss in mechanical friction = 35B watts. 
Loss in eddy currents and hysteresis = 178 watts. 
Loss in field coils = 263 watts. 
Loss in armature {C r) ~ 433 watts. 
All other losses = 60 watts. 

If the output of the dynamo at full load is 15,000 watts, 
determine its percentage efficiency. Ans. S3. 1942 per cent. 

(18) In example 17, what percentage of the input is lost 
(«) in mechanical friction? (6) in eddy currents and hys- 
teresis? (c) in the field coils? (</) in the armature wires? 
{e) What is the total percentage of loss in the dynamo ? 

r (i) 2.1881 per cent. loss. 
(6) 1.094 per cent. loss. 
Ans. i (c) l.(il65 j>er cent. loss. 
(li) 3.593fl per cent. loss. 
[ (f) 7.8058 per cent, total losa^ 

(19) If a certain dynamo generates 440 volts when drivel 
at a speed of 1,200 revolutions per minute, what electromo* 
tive force will it generate when driven at 1.400 revolutioi 
per minute, all other conditions in regard to strength « 
field, armature reactions, and number of armature conducb 
ors remaining unchanged ? Ans. fil3^ volts. 
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(30) What advantage have carbon brushes over copper 
brushes ? 

(31) Fig. IV represents a cross-sectional view of a uniform 
magnetic field. The dots represent an end view of the lines 
of force, their direc- 
t i o n being down- 
wards, piercing the 
paper; or, in other 
words, the observer 
is looking along the 
lines of force towards 
the face of a south -■..•-.- '.■.■;..v--..r.v.-:-.r./.;;i.-i 

pole. The ring C is >''o 'V. 

a closed coil of some conducting material, as copper, and is 
placed in the magnetic field with its plane at right angles to 
the direction of the lines of force. Imagine the coil to be 
suddenly jerked from its position C to one outside the mag- 
netic field, as, for instance, to C, assuming, of course, that 
its plane is kept always at right angles to the direction of 
the lines of force. Will a momentary current be produced 
in the closed coil, and if so, in which direction will it circu- 
late around the ring ? 

(23) What is a compound -wound dynamo, and why are 
dynamos compound -wound ? 

(23) If a conductor cuts eight million lines of force in 
one-quarter of a second, what is the rate of cutting per 
second? 

(24) State why a solid piece of iron will not answer for a 
revolving armature core. 

(26) In a particular dynamo, if an electromotive force 
of 200 volts is generated when there are 750,000 lines of 
force [>assing through the armature, what electromotive 
force would be generated if the strength of the field were 
increased so that 1,360,000 lines of force passed through the 
armature, assuming that all other conditions as to speed, 
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number of conductors, armature reactions, etc., remain 
unchanged ? Ans. 333} volts. 

{iay To what are the following losses in a dynamo due; 
(tf) core loss ? (^) armature loss ? (c) field loss ? 

the observer is looking at the face of a 
north magnetic pole A' and a 
straight conductor C is placed in 
a vertical position in front of the 
pole with its length at right 
angles to the direction of the 
lines of force as they pass from 
the pole. If the two ends of the 
conductor are connected to the 
terminals of the battery B, and a 
current flows through the circuit 
thus formed in the direction 
indicated by the arrowheads, 

toward which side, a orb, of the pole face will the conductor 

lend to move ? 

(28) In a shunt-wound dynarao, if the resistance of the 
field coil is 650 ohms and the difference of potential between 
the brushes remains constant at 525 volts when the armature 
is rotated at a constant speed, what is the strength of cur- 
rent in the field coil under these conditions ? 

Ans. .y07G ampere. 

(29) A compound-wound dynamo generates 115 volts- 
between its terminals when no current is flowing into the 
external circuit. At full load, however, the difference of 
potential between its terminals is 134.3 volts. What per- 
centage of over-compounding do these figures represent ? 

Ans. 8 per cent. 

(30) What becomes of the heat generated in a dynamo 
armature ? 

(31) State the differences between separately excited, 
shunt-wound, and series-wound dynamos. 
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(32) The core losses in a particular generator amount to 
800 watts and the input to the g^enerator is 64 horsepower at 
full load. Determine the percentage of loss in the core at 
this input. Ans. 1.G750 per cent. 

(33) Why must the brushes of the dynamo be shifted 
ahead of the neutral point when operating under load ? 

(34) What is the difference between a consequent pole 
and a salient pole ? 



OPERATION OF 
DYNAMOS AND MOTORS 



EXAMINATION QUESTIONS. 

(1) Why should the operation of emery wheels, grinders, 
and speed lathes and the handling of coal not be allowed in 
the same room with dynamos and engines ? 

(2) (a) On what machines are copper brushes generally 
used ? (6) How are copper brushes generally set ? 

(3) How are (a) copper and (d) carbon brushes shaped to 
fit the commutator ? 

(4) What does the odor of hot oil around a machine usu- 
ally indicate ? 

(5) State three possible causes for the refusal of a direct- 
current shunt motor to start after the main switch has 
been closed and the starting device properly operated. 

(6) To what may the sparking at the brushes of a 
dynamo be due ? Give at least four causes of sparking. 

(7) What test may be used to locate defects in an arma- 
ture ? 

(8) How would you test the field coils of a dynamo to 
determine whether any of them were open-circuited or not ? 

§10 
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nj ■ should neither ordinary oil, in any considerable 

'lantity, nor emery cloth be used on commutators or 
ushes ? 

(10) Why are carbon brushes used on high-voltage 
ynamos, especially when they are subject to sudden and 
iolent changes in the load that cannot be met by shifting 

the brushes ? 

(11) How are (n) high and {/>) low bars in commutators 
remedied ? 

(12) What is the result of continually overloading a 
dynamo ? 

(13) How does a shunt motor act when the shunt field is 
)pened while the motor is running ? 

(14) Give three different methods for starting up a rotary 
transformer. 

(1.5) How does a short -circuited field coil on a shunt 
dynamo affect the other field coils ? 

(!i;) Describe at least one method for locating a short- 
circuited armature coil. 

(17) In making a bar-to-bar test around an armature, 
what would be indicated {a) by an unusually large deflec- 
tion of the galvanometer or other testing instrument used ? 
(6) by an unusually small, or no, deflection ? 

(18) (a) What is the objection to having the pressure 
between a brush and the commutator too great ? (d) 
What is the objection to having it too small ? 

(ly) {a) What does a narrow scratch or several of them 
all around a commutator usually indicate ? (6) What is 
the remedy ? 

(20) What is the advantage of staggering the brushes 
on a commutator and having end play for the armature ? 

(31) What would a grinding, rumbling noise, accom- 
panied by excessive sparking and, perhaps, some slipping of 
the belt, indicate in a dynamo or motor ? 
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(22) What would be the effect of having one field coil 
reversed in (a) a dynamo ? (6) a motor ? 

(23) State two reasons why a simple shunt dynamo may 
refuse to generate when properly rotated at normal speed. 

(24) How are synchronous motors generally started ? 

(25) If only one coil in a motor or dynamo armature, 
when revolving at normal speed in its own normal field, 
becomes abnormally 'hot, what defect is indicated? 

(26) What does a broad scratch around the surface of a 
commutator indicate ? 

(27) How would you start an induction motor ? 



HEAT AND STEAM. 



EXAMINATION QUESTIONS. 

(1) What are the effects of heat on a substance when 
applied to it ? 

(2) What do you understand by the temperature of a 
body ? 

(3) (a) Define the term British thermal unit, (d) Give 
the mechanical equivalent of one unit. 

(4) Give an instance of work being changed to heat. 

(5) Define (a) latent heat of fusion; (d) latent heat of 
steam ; (c) specific heat. 

(6) It requires 1.77 B. T. U. to raise the temperature of 
10 pounds of glass from 74° to 75°. What is the specific 
heat of glass ? Ans. .177. 

(7) One thousand pounds of steam at 212° is conveyed 
by pipes through a building; all the steam is condensed 
and the water of condensation returns to the boiler at a 
temperature of 192°. If the heat given off is applied to a 
quantity of water, how many pounds will it raise from 152° 
to 212''? Ans. 5,47;.;; 11). 

(8) If we place 10 pounds of water at a temperature of 
90^, 15 pounds of mercury at (Mf, and 20 pounds of alcohol 
at 40°, together in a vessel, what will be the temperature of 
the mixture ? Ans. G2.i;o'. 

Note. — The specific heat of alcohol is .60. 
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(9) If a number of substances of different temperatures 
are mixed together, how does the quantity of heat in the 
mixture compare with the quantity of heat contained in all 
the substances before mixing f 

(10) If 20 pounds of steam at 212° are mixed with 
400 pounds of water at 55°, what will be the temperature of 
the mixture? Ans. 108.4?° 

(11) How does change of pressure on the surface of a 
liquid affect its boiling point ? 

(13) Define (a) saturated steam; {6) superheated steam. 

(13) Define (a) heat of the liquid; (^) latent heat; (c) to- 
tal heat; {//) specific volume; (f) density. 

(14) How many B. T. U. are required to change 10 pounds 
of ice at 35° into steam at 212° ? Ans. ia,935.2iS B. T. U. 

(15) What is the difference between gauge pressures 
and absolute pressures, and which are given in the Steam 
Tables ? 

(16) How many foot-pounds of work will it require to 
change 40 pounds of water at 90 pounds gauge pressure 
into steam at the same pressure? Ans. 34,428,173 ft. -lb. 



TYPES OF STEAM BOILERS. 



EXAMDf ATION QUESTIONS. 

(1) Into .what three general classes, according to service, 
may boilers be divided ? 

(2) Enumerate the principal parts of a boiler and state 
the office of each part. 

(3) Why are hemispherical heads often used in plain 
cylindrical boilers ? 

(4) (a) How are plain cylindrical boilers usually sup- 
ported ? (d) How are vertical boilers usually supported ' 

(5) How is the velocity of flow of the gases of combus- 
tion regulated ? 

(6) In setting a boiler, should the fire-line be above or 
below the water-line, and why ? 

(7) What is the duty of the (a) safety valve ? (/?) steam 
gauge ? (c) water gauge ? 

(8) Where is the blow-off pipe located, and why ? 

(9) What is the difference in respect to the flow of th(' 
gases of combustion between the return-tubular boiler and 
the plain cylindrical boiler ? 

(10) In what important respect do the ('ornish and Lan- 
cashire boilers differ from the ret urn -tubular boilers ? 
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(11) What is the chief objection to internally fimi hm]. 
crs of the Cornish and Lancashire types ? Give an impor^ 
tatil point in their favor. 

(H) How is the draft obtained in a Incomoti^ 

(13) ^Vhat two important makes of water-tube boiltn 
have their tubes set at an ang;lc with the horiionUl. anii 
what is the object of having them so arranged ? 

(U) In the Heine boiler, where is the mud drum Virnt^ 
and what is the advantage of having it there ? 

(16) In the Stirling boiler, bow many drums are ihtn 
and what is the position of the lubes ? 

(Iti) Is the Hazelton boiler a fire-tube or waler-tdbe 
boiler, and how is it supported ? 

(17) What is the chief point of difference bet«-ecn IIk 
Hazelton and the Motrin Climax boiler ? 

(18) What kind of a boiler would you call the Cahall.and 
how is the circulation of water arranged for in it ? 

(If) In the Harrison safety boiler, at what point 'Vks 
tin- f.'.-dwater enter ? 

(■jol Why are watiT-tiibe boilers generally saftr than 
firc-tulic bMiK■r^;? 

(■,'!) Niiinc snme of the advantajjes and some ..f ilie di- 
a(!v:uu,i:^'.-s..i waUT-tubc boikrs. 

(■••i) In what wavs is the heat transferrctl from the fuel 
tM th,> walvr ina l-nikT ? 

(■^:!) State why good water circulation is essential in thp 
satisfactory working of a boiler. 



BOILER DETAILS. 



EXAMINATION QUESTIONS. 

(1) Give two reasons why machine riveting is preferable 
to hand riveting. 

(2) How does the size of the rivet compare with the hole 
into which it is to fit ? 

(3) What length of shank should be allowed to form the 
head of a rivet for machine riveting ? 

(4) Explain the difference between a lap joint and a butt 
joint. 

(6) Define the term pitch as applied to rivets. 

(6) For a ^-inch plate, what is the minimum thickness 
for the cover-plates of a butt joint with two cover-plates ? 

Ans. j^g in. 

(7) What precaution in regard to the position of joints 
should be observed in designing externally fired boilers ? 

(8) Is it customary to have inside laps face upwards or 
downwards, and why ? 

(9) What can you say as to the relative merits of punch- 
ing and drilling rivet holes ? 

(10) What is calking and why is it done ? 

(11) Which must be made the stronger in a boiler, the 
transverse or the longitudinal joints, and why ? 

(12) What is meant by the efficiency of a joint, and how 
is it expressed ? 

§13 
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(13) What is generally accepted as a safe ratio of work- 
ing pressure to bursting pressure ? 

(H) What working pressure would you allow in a S4-inch 
boiler constructed of f -inch steel plate whose tensile strength 
is 50,000 pounds per square inch, allowing a ratio of safe 
working pressure to bursting pressure of 1 to 5 ? The longi- 
tudinal seam is a double-riveted butt joint with two cover- 
plates, having an efficiency of 7(j per cent. 

Ans. 105.55 lb. per sq. in. 

(15) In the previous example, at what pressure would 
the boiler be about to burst ? Ans. 637.7 lb. per sq. in. 

(IC) A (iO-inch cylindrical marine boiler built of A-inch 
steel plate has a tensile strength of 55,000 pounds per 
square inch. If the seams are double-riveted, what is the 
safe working pressure ? Ans. 183.3 lb. per sq. in. 

(17) For what are crowfoot braces used ? 

(IK) (a) How is a gusset stay made ? (i) What arrange- 
ment is made to give warning when a screw staybolt 
breaks 1 

(19) How are boiler tubes fastened in the heads ? 



BOILER FITTINGS. 



EXAMINATION QUESTIONS. 

(1) What is the purpose of the safety valve and in what 
three ways is it weighted ? - 

(2) Which kind of safety valve is generally used on the 
locomotive boiler ? 

(3) Name one point in favor of the dead-weight safety 
valve. 

(4) If a pipe is connected to the blow-off side of the safety 
valve, what precaution should be taken to guard against 
accident ? 

(5) Is it good practice to have a valve between the boiler 
and its safety valve ? 

(6) A dead-weight safety valve is to be on the point of 
blowing off at 80 pounds pressure, absolute. The area of 
the valve is 15 square inches. Find the necessary weight. 

Ans. 979.5 lb. 

(7) A safety valve with a straight parallel lever has the 
following dimensions: Area of valve, 12 square inches; 
distance from center line of valve to fulcrum, 4 inches; dis- 
tance from fulcrum to point where weight acts, 32 inches; 
weight of weight, 85 pounds; weight of valve and stem, 
6 pounds; weight of lever, 15 pounds; total length of lever, 
36 inches. At what pressure will the valve blow off ? 

Ans. 62. 79 lb. 
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(8) Find the weight that must be placed on the lever if 
the valve is to blow ofE at 75 pounds and all the other 
quantities are the same as in question 7- Ans. 103.31 lb. 

(9) A safety valve 4^ inches in diameter is to be set to a 
pressure of 90 pounds per square inch. At what distance 
from the fulcrum must a weight of 120 pounds be placed 
when the distance from the fulcrum to the center line of the 
valve is 4 inches, the weight of the valve and stem is 
14 pounds, the weight of the lever is 18 pounds, and its 
length is 42 inches ? The lever is straight and parallel. 

Ans. 38.9-1 in. 

(10) What is the shape of the tube in the Bourdon pres- 
sure gauge and why is it so shaped ? 

(1 1) How is a steam pressure gauge graduated to read ? 

(12) If the pointer on a vacuum gauge reads 20 inches 
while the barometer stands at 30 inches, what pressure does 
that indicate ? Ans. 4.9 lb,, absolute. 

(13) What precaution should be taken in connecting a 
gauge to a boiler ? 

(14) In locating the gauge-cocks in a return-tubular boiler, 
where should the lowest one be placed ? 

(15) Why is the level of the water in a gauge glass the 
same as the level of the water in the boiler ? 

(16) Give a method of testing the water column. 

(17) If a water column should be found to be unreliable, 
what should be done ? 

(18) Explain how a fusible plug is made and where it 
should be located in a vertical, flue, and horizontal -re turn 
tubular boiler. 

(19) What kind of valve would most engineers prefer to 
use in blow-off pipes ? 

(20) What advantage has a gate valve over a globe valve ? 
(ai) For what are check-valves used ? 

(22) What is the purpose of the dome on a boiler ? 

(23) Where is the dry pipe located ? 
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(24) What shape are manholes and handholes made ? 
Why? 

(25) How are the majority of water alarms operated ? 

(26) What point should be observed in the arrangement 
of suction pipes of the feeding apparatus ? 

(27) What care should be taken in arranging for the dis- 
charge of feedwater into the boiler ? 

(28) What is the common ratio of the combined area of 
the supports in a grate to the combined area of the air 
spaces ? 

(29) What is the objection to stationary grate bars ? 

(30) What is the purpose of the bridge ? 

(31) How does a damper regulator control the steam 
pressure ? 



Combustion, Firing, and Draft. 



EXAMIXATIOX QUESTIONS. 

(1) Define (a) element; (d) compound; (r) mixture. 

(2) What is the relation between the volumes of gases 
and the number of molecules thev contain ? 

(3) What is the atomic weight of a substance ? 

(4) What is combustion ? 

(5) {a) When carbon and oxygen are brought together 
under the influence of heat and there is a sufficient supply 
of oxygen, what is formed ? {^) What happens if the supply 
of oxygen is insufficient ? 

(6) What is the principal element in the composition of 
all fuels ? 

(7) How many pounds of water at 21*2'^ ran be evaporated 
into steam at the same temperature by a pound of coal of 
the following composition: carbon 74 per cent., hydrogen 
8 per cent., oxygen 5 per cent., and ash 13 per cent. ? 

Ans. in.:J2 11). 

(8) Why is it desirable to keep the temperature in the 
furnace as high as possible ? 

(9) How may anthracite coal be distinguished from semi- 
anthracite ? 

(10) How do the different proportions of fixed carbon and 
volatile hydrocarbons vary in the different classes of coal ? 

(11) What is the distinguishing feature of caking coal ? 

(12) What is coke ? 

§ 1'^ 
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(i.j, e a short explanation of coking, spreading, and 

alternate firing, 

(I-i) What is the cause of gas explosions in the furnace 
and how may they be avoided? 

(15) By what means is air supplied to a furnace ? 

(16) Explain how a chimney causes a draft. 

(17) How is the pressure due to the draft measured ? 

(18) How is artificial draft produced ? 

(19) What is the difference between forced draft and 
induced draft ? 

(30) How does the cost of fan blowers and steam jets 
compare ? 

{81) What are some of the advantages of mechanical 
draft? 
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A KEY 

TO ALL THE 

QUESTIONS AND EXAMPLES 

included in the 

Examination Questions in this Volume. 



It will be noticed that the Key is divided into sections 
which correspond to the sections in the Examination 
Questions in this Volume. The answers and solutions are 
so numbered as to be similar to the numbers before the 
questions to which they refer. 



ELEMENTS OF 
ELECTRICITY AND MAGNETISM. 



(1) The end b\ because in looking at that end the cur- 
rent circulates around the helix in an opposite direction to 
the hands of a watch. See Art. 29, 

(2) (a) Negative. See Art. 7. 
(b) Negative. See Art. 7. 

(3) Let A represent the first branch and B the second ; 
then r^ — 16.2 ohms, r, = 14.1 ohms, and C= 6.37 amperes. 

The current r, in branch A is found by using for- 
mula lO; substituting gives 

Cr, 6.37X14.1 _ _ ._ . 

r, = — — ^— = , ^, ^ . ^ , ^ = 2.9643 amperes. Ans. 

• r, + r, 16.2+14.1 ^ 

The current c^ in branch B is found by using formula 11 ; 
substituting gives 

Cr, 6.37 X 16.2 _ .^_ . 

r, = — -^— = TTTTrT-TT-r = 3.4057 amperes. Ans. 

* r^ + r^ 16.2 + 14.1 '^ 

E 

(4) (a) From Art. 64 and formula 6, C=-^, where C 

is the current in amperes, E is the difference of potential in 
volts between two points, and A^ is the resistance in ohms 
between them. In this example, E = 58.4 volts and A' 

= 2.3 ohms; hence, C ~ -^,- = ' ' = "25.3^3 amperes. Ans. 

K -^.3 

For notice of copyright, see paj^e immediately following the title page 
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■ R' 

in watts, E is the E. M. F., or difference of potential in 
volts, and R is the resistance in ohms. In this example, 
£= 58.4 volts and ^= 2.3 ohms; hence, 

,,. E} 58.4' 



horsepower, E the E. M. F., or difference of potential i 
volts, and R the resistance in ohms. 



58.4' _ 3.410.51) _ 
746 X 2.3" l,ri5.8 " 



I horsepower. 
Ans. 



(6) By formula S, E = C R. where E is the total E. M. F. 
in volts developed iii a closed circuit, C is the current in 
amperes that is flowing, and R is the total resistance in 
ohms of the circuit. In this example, C = .1h ampere 
and J? = 17.2+ 8.2 + 11.3 = 36.7 ohms; hence, E-CR 
= .75 X 30.7 = 27.525 volts, the total E. M. F. developed 
in the battery. 

By derivation from formula S, E' = C R', where E' is the 
difference of potential in volts between two points, C is the 
current in amperes flowing, and R' is the resistance in ohms 
between the two points. 

Between a and b, ^' = 11.3 ohms and C=.75 ampere 
hence, E' = C R' = .75 X 11.3 = 8.475 volts. Ans. 

Between /i and f, R' — S-'i ohms and C=.75 ampere; 
hence, E = C R = .75 x Sri = 6.15 volts. Ans. 

Between a and c, the difference of potential is the differ- 
ence of potential between a and d plus that between d and c, 
which is 8.475 + G. 1.5 = 14.625 volts. Or, since the differ- 
ence of potential between a and c is the available E. M. 
of the battery, when a current of .75 ampere is flowing, it 
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can be calculated by using formula 9, E' =: E -- C r„ where 
E' is the available E. M. F., £ is the total E. M. F. devel- 
oped in the battery, C is the current that is flowing, and r, 
is the internal resistance of the battery. In this case, 
£7=27.525 volts, C = .75 ampere, and r, = 17.2 ohms; 
hence, £'= Z; - Cr, = 27.525 - (.75 X 17.2) = 14.G25 volts. 

Ans. 

(6) By lormula 8, £ = C/?, where E is the total E. M. F. 
in volts developed in a closed circuit, C is the current in 
amperes flowing, and R is the total resistance in ohms 
of the circuit. In this example, C = .127 ampere and 
/? = 36.2 + 21.7 = 57.9 ohms. Hence, by substituting, 
Zi = C ^ = . 127 X 57. 9 = 7. 3533 volts. Ans. 

(7) By formula 14, (2= Ct, where Q is the quantity of 
electricity in coulombs that passes through a circuit, C is 
the current in amperes flowing in that circuit, and / is the 
time in seconds during which the current flows. In this 
example, C= 8.32 amperes and / = 2.25 x 00 X 00 = 8,100 
seconds. Hence, by substituting, (2= C/ = 8.32 x 8,100 
= 67,392 coulombs. Ans. 

(8) By formula 19, IV = C E, where W is the power in 
watts, E is the E. M. F. in volts, and C is the current in 
amperes. In this example, E= 112.5 volts and C= 12.2 
amperes. Hence, by substituting, W= C E^ 12.2 x 112.5 
= 1,372. 5 watts. Ans. 

(9) By formula 4, r, = r, (1 + / k), where r, is the origi- 
nal resistance of a conductor, r, is the resistance after a rise 
in temperature, k is the temperature coefficient, and / is the 
rise of temperature in degrees F. In this example, r = \\\rl 
ohms, / = 85— 00 = 2o° F., and /•=. 002155, from Table I. 
Hence, r, = r, (1 + / /6) = 43.2 (1 + 25 x .002155) = 43.2 
X 1.053875 = 45.5274 ohms. Ans. 

(10) By formula 13, the joint resistance of three con- 

f T T 

ductors in parallel A"" = i a a when* r ,- 

and r, are the separate resistance of the three conductorh 



»i 



rs. 
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respectively. In this example, let f, = 37 ohms, the resist- 
ance of A; r, = 45 ohms, the resistance of B; and r, 
= 73 ohms, the resistance of C. Substituting gives 

r. r, r, _ 37 X 45 x 72 119.880 

''.'".+^^+^^ ~ 45x72+37x73 + 37x45 ~ 7,569 

= 15.8383 ohms, the joint resistance of the three conductors 
A, B, and C connected in parallel. Ans. 

(11) From Art. 43, the joint resistance of several con- 
ductors connected in series is equal to the sum of their 
separate resistances; hence, in this example the joint resist- 
ance of the four conductors A, B, C, and D in series is 
3 + 19 +73 + 111 = 205 ohms. Ans. 

(13) We here use formula 16,/= C R t, where /is the 
work in joules. C is the current in amperes, R is the resist- 
ance in ohms, and t is the time in seconds. In this case 
(7—14.2 amperes, A" = 8 ohms, / = 4,500 seconds. Then, 
the work done = 14.3 X 14.2 X 8 X 4,500 = 7,259,040 joules. 

Ans. 

(13) From Art. 75, the separate resistance of any branch 
of a derived circuit is equal to the difference of potential 
between where all the branches divide and where they unite, 
divided by the current in that branch. 

Hence", the separate resistance of branch A is -^-y 

= 1.7313 ohms. Ans. 

The separate resistance of branch B is -7-^ = 2.3673 ohms. 

Ans. 

E 

(14) By formula 7, R=y^, where K is the total resist- 
ance in ohms of a closed circuit, E is the total E. M. F. 
in volts developed in the circuit, and C is the current in 
amperes flowing in the circuit. In this example, E 

= 22.4 volts, and (T = .43 ampere; hence, ^ = -^ = — ^ 

= 53.093 ohms, the total resistance of the circuit. Since the 
total resistance of a closed circuit is equal to the sum of 
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external and internal resistances, the external resist- 
' ce must be the difference between the total resistance 
d the internal resistance. Hence, the external resistance 
58.093 — 13.4 = 38. 693 ohms. Ans. 

(15) By transposition of terms in formula 14, C = ^, 

'here C is tlie current in amperes, Q is the quantity of 
lectricity in coulombs, and / is the time in seconds. In 
his example, Q = 368,422 coulombs and / = 4.5 X 60 x 60 

= 16,200 seconds; hence, C= -^ = '^^^ = 22.7421 am- 
peres. Ans. 

(16) By formula 16,/= C* i? /, where / is the work 
done in joules, C is the current in amperes, R is the resist- 
ance in ohms, and / is the time in seconds. In this 
cample, C = 2.4 amperes, -^ = 45 ohms, / = 3,000 seconds. 
Then the electrical work done = 2.4 X 2.4 X 45 x 3,000 
:= 777,600 joules. By formula 18, the mechanical work 
done = F. P. = .7373/= .7373 X 777,600 = 573,324.48 foot- 
pounds. Ans. 

W 

(17) By formula 22, H. P. =^; by formula 19, 

EC 
M^= C E\ therefore (see Art. 81), H. P. = - - ;, where 

H. P. is the horsepower, E is the E. M. F. in volts, and C is 
the current in amperes. In this example, E = 525 volts, 
and C= 12.5 amperes; hence, 

H. P. = ~ = ^^^^^^ — = 8. 7969 horsepower. Ans. 

(18) {a) By formula 20, W=C^R, where ]V is the 
power in watts, C is the current in amperes, and A* is the 
resistance in ohms. In this example, C= 110 amperes and 
y?= 4.2 ohms; hence, rF= C R= 110' X 4.2 = 50,820 watts. 

Ans. 

{b) H. P. = ^ - = —ir- = 6S.lv>:5 horsepower. Ans. 
H. S, II.— 29 
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(!•) By ftcmnla 1, the cfaangrd resistance for vam^ca 
Icn^tfa, r, = -7-*. where r, is the original re^sUnce, /, il 



the original Icagth. 2nd /, is the changed length. Id tUi 
case, r, = 1 ohm. /, = l.OOO feet, and /, = 2,000 feet. Tho, 

the chaogra resistatvce r^ = — ^^ — = i ohms. The oett 

operatkm is t« determine the resistance of the wire»henili 
eectionat area is changed. A round wire 1 inch in diamcU 
has a sectional area of . 1' X .7S54 = .0')7f!54 square inch, ai 
a square vire .1 iftch tm a side has a sectional area of .1 X 

= .01 square inch. By formula S, r, ^ -! — s ^ where r, is the 

original resistance of a conductor, r, is the resistance after 
its sectional area is changed, a, is the original sectional 
area, and a, is the changed sectional area. At this stj^ge 
of the example, r, = Z ohms, a, = .0078M square indi,, 

and (I, = .01 square rach. Hence, r, = — '~i = —^ — ^ 

= 1.5T08 ohms. Ans. 

(■>o) By formula 22, 
till.- linrsepowcr and IT is the power in watts. In thi* 
cxampk-, JI'= 54,-iOO watts; hence, H. P. = ~ = '4^ 
~ T^.;.';.!-!! hiirscpower, Ans. 

{'i\) The sectional area of a round column .(H inch 
in (iiumotcr is .04' X .7854 — .O0125(i«4: square inch, or 
.onri.i; square inch, nearly. 

Reduce the specific resistance in microhms to the resist- 
ance in ohms by dividing by 1,000,000, Art. 44, which 

gives -,-„-j'jr7,||-j = .00003:15 ohm; or, in other words, the 
resistance of a quantity of mercury 1 inch long and whose 
sectional area is 1 square inch is .00003715 ohm. Next. 
from this resistance and length, calculate the resistance of 
a column of mercury 73.3 inches high, with a sectional area 
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r I 
of 1 square inch, by using formula 1, r, = -y-?, where r, is 

the original resistance of a conductor, r, is the resistance 

after its length has been changed, /, is its original length, 

and /, is its changed length. In this example, r, = .01)0037 15 

r / 
ohm, /, = 1 inch, and /, = 72.3 inches. Hence, r, = -■^* 

^ ,00003715 X 72.3 _ QQ^ggi^g^g ^^ .002C8C ohm, nearly; 

or, in other words, the resistance of a column of mercury 
72.3 inches high, having a sectional area of 1 square inch, is 
.002686 ohm. From this result calculate the resistance of 
the column when its sectional area is .001257 square inch, 

by using formula 2, r, = ~* — ^, where r, is the orijjinal 

resistance, r, is the resistance after the sectional area has 
been changed, n, is the original sectional area, and a^ is the 
changed sectional area. At this stage of the example, 
r, = .002686 ohm, a, = 1 square inch, and a, = .001'257 square 
inch. Hence, 

r,tf, .002686 X 1 ,. -«,.o , . 

r, = -2—^ = — ;^7rrT77r- = 2.1 368 ohms. Ans. 
• a, .001257 

(22) By formula 6, C—j^, where C is the current in 

amperes flowing in a closed circuit, /: is the total K. M. F. 

in volts generated, and R is the total resistance in (>hnis 

of the circuit. Since the total resistance of a closed eireuit 

is the sum of the external and internal circuits, A* :- WW \ WW 

F -15 
= 63 ohms, and -£ = 45 volts; hence, r= /, ~ * - .7M.'l 

A WW 

ampere. Ans. 

(23) By formula 19, \V= C Ry where W is the power 
in watts, E is the E. M. F., or difference of potential 
in volts, and C is the current in amperes. In this exam- 
ple, Zf=510 volts and C=24.3 amperes; hence, /r= r>lO 
X 24.3 = 12, 39:3 watts. Ans. 



(34) Referring to Art. 56, the total E. M. F. developed 
by connecting several cells in series is equal to the E. M. F. 
of one cell multiplied by the number of cells; hence, the 
E. M. F. of one of the groups of ceils is 6 X 1.5 = 9 volts.. 
In the same article it is stated that connecting cells at 
multiple, or parallel, does not change the E, M. F. between 
the main conductors. In this case each group of 6 cells 
can be considered as one large cell developing an E. M. F, 
of H volts, and, consequently, the E. M. F. of the four 
groups connected in multiple, or parallel, is 9 volts, which 
would be the E. M. F. indicated by a voltmeter, connectedi. 
to the main conductors c and c'. Ans. 

W 

(35) By formula 32, H. P. ==j^; by formula t^' 

' 746' 

is the horsepower, Ji is the E, M. F. in volts, and C is the 

current in a,mperes. In this example, £ = 350 volts and 

- „^ , . „ ^ EC 350 X 65.7 16,425 
C = b5.7 amperes; hence, H. P. = ^— == ^;— = ■ -■ - - ■■■■ 

= 32.0174 horsepower. Ans. 

(36) End a; since, Art, 39, in looking at the face of the 
end a, the current circulates around the core in the same 
direction as the movement of the hands of a watch. 

(37) From Art. 31, iron and its alloys, nickel, cobalt, 
manganese, o.xygen, cerium, and chromium, 

(38) Toward the south pole, since, from Art. 20, unlike 
poles attract one another. 

(39) Toward the north pole, since, from Art. 20, unlike 
poles attract one another. 

(:!()) The current should enter the wire at the end b; 
since. Art. 39, in looking at the face of the south pole of 
the magnet, the current should circulate aroUnd the core 
in the direction of motion of the bands of a watch. 



y^ 
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r I 

(31) By formula 1, r, = -j-*, where r, is the original 

resistance of a conductor, r, is the resistance after its length 
has been changed, /, is the original length, and /, is its 
changed length. In this example, r, = 100.8 ohms, /, 
= (112 X 12) + 6 = 1,350 inches, /, = 11.7 inches. Hence, 

r,/, 100.8 X 11.7 ^^^^ , . 

r, = -^ = — . = .8736 ohm. Ans. 

(32) By formula 4, r, = r, (1 + / k), where r, is the 
original resistance of a conductor, r, is the resistance 
^fter its temperature has risen, k is the temperature coeffi- 
cient, and / is the number of degrees rise Fahrenheit. In 
this example, r, = 91.8 ohms, / = 72 — 45 = 27°, and 
k = .000244, from Table I. Hence, r^ — r^ (1 + ' k) = 
91.8 (1 + 27 X .000244) = 91.8 X 1.006588 = 92.4048 ohms. 

Ans. 

(33) By formula 6, r, = ' , , where r^ is the original 

resistance of a conductor, r, is the resistance after its tem- 
perature has fallen, / is the number of degrees fall Fahren- 
heit, and k is the temperature coefficient of the material. 
In this example, r, = .144 ohm, / = 87 — 41 = 46° F,, and k 
= .002155, from Table I. Hence, 

r .144 .144 

''• ^ r+Y* "^ 1 + 46 X 7002155 ^ UrnvS ^ '^'^^ ''^'"' , 

' ' Ans. 

(34) From Art. 63, the fundamental equation of the 

Wheatstone's bridge is A'= --/. X Py where -Vis the unknown 

resistance, M is the resistance of the upper balance arm, 
JV is the resistance of the lower balance arm, and /' is the 
resistance of the adjustable arm. It will be seen from the 
connections of the battery and galvanometer circuits in 
the diagram that the coils lying between c and a form the 
upper balance arm of the bridge, and, hence, in this exam- 
ple, Af = i ohm; the coils between ti and (/ form the lower 
balance arm, and, hence, N= 100 ohms; the coils between 
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</and h form the adjustable arm. and. bence. /*=MO-^ll 
+ 20 + 2 + 1 = 723 ohms- Substituting these vatnts i 
the fundamental eqoatioa gives 

A'= V^ X P= T^ X 7*3 = T.*3 ohms. Ans. 



(35) By fonnula fl, £7 = ^, where C is tbc cuttcs it 

amperes flowing id a dosed circuit. E is tbc total E. U.P. 
in volts developed in the circuit, and R is the total restsi- 
ance in ohms of the circuit. In this example, E= MtoIis 
and ^ = 34 -+• 18 = 43 ohms; since, according to Art. flO, 
tht; total resistance of a closed circuit is the sum of ibt 

internal and external resistances. Hence, C = -s 
= .8ft7I ampere. Ans. 

E 

(3G) By formula t, R = -7=, where R is the total resist- 
ance in ohms of a closed circuit, E is the total E. M. F. in 
volts developed in the circuit, and C is the current i 

ani|><Tcs fliJwiiiR through the circuit. In this esampk, 

A' I'.'.i'i volts and C = 2.7 amperes; hence, R = -^ = — '- 
\.>\y\>\: ..hins. Ans, 

{T. ) Hy innnula 8. E = C R, Vhere E is the total E.M.F. 
ill viilis ili'vi'iiijuHi in a closed circuit, C is the current in 
aiii|H'i.-s lliiwiu;; Uiroiigh the circuit, and A' is the total rtsi?t- 
ainT uf till- riniiit. In this example, C = .S ampere and 
A' : :il.:. I- II := l-.'..1 ohms, since, Art. fiO. the total resi^t- 
aniv ot ,1 I li>-.i il iinuit is tlie sum of the internal and exter- 
nal rcsislamrs, IK-ncc, /■ = C R == .8 X 42.5 ^ 34 volts, 

Ans, 

F 
(:tS) {,!) My lormula 7, R = f, where R is the total 

resistani'c in i>liiii-. In-twfin Iw.j points in a circuit, /:" is the 
drop or loss "t' poiciuial in volts ht-twecn the two points. 
and Cis the current in anijUTL's flowing in the circuit. In 
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this example, the two conductors leading to and from the 
receptive device can be considered as in series, forming one 
single conductor 1,200 feet in length, in which the drop or 
loss of potential is 10 per cent, of 250 volts, or . 10 X 250 
= 25 volts; that is, £=25 volts. Since C= 80 amperes, 

then, ^ = -^= — r =.3125 ohm; or, in other words, the sum 

of the resistances of two conductors that transmit a current 
of 80 amperes to and from the receptive device with a loss 
of 25 volts is .3125 ohm. Ans. 

(d) The resistance per foot of any conductor is found by 
dividing its total resistance by its length in feet. Assume 
the two conductors leading to and from the receptive device 
to be one single conductor 1,200 feet in length and offering 
a resistance of .3125 ohm; hence, its resistance per foot is 

'^^ = .00026 ohm. Ans. 

£ 
(39) By formula 6, C = -j^, where C is the current in 

amperes flowing in a closed circuit, £ is the total E. M. F. 
in volts developed in the circuit, and R is the total resist- 
ance in ohms of the circuit. In this example, jC" = 24 volts 
and ^ = 8.1+ 15.9 = 24 ohms, since. Art. 60, the total 
resistance of a closed circuit is the sum of the internal 
and external resistances. Hence, 

^ £ 24 , 

C=-^ = ^ = l ampere. 

By formula 9^ £' = E — Crf, where £' is the available, 
or external, E. M. F. in volts of a battery or other elec- 
tric source in a closed circuit, £ is the total E. M. F. in 
volts developed in the source, C is the current in amperes 
flowing through the circuit, and r, is the internal resist- 
ance of the battery or electric source. In this exam- 
ple, £ = 24 volts, C = 1 ampere, and r, = S. 1 ohms. 
Hence, £ ' = £ - C ri= U - (SA X 1 ) = 1 5. 9 volts. Ans. 



(40) Let A represent the first branch and A' the second; 
then r, = 1.3 ohms, r, = 2.2 ohms, and C= 45 amperes. 

The current c, in branch A will then be found by substi- 
tuting these values in formula 10, which gives 



Cr, 



4 5 X 2 .2 

3 + 272 " 



»H 



i*.117'5 amperes. Ans. 



Since the sum of the currents in the two branches is 
45 amperes, the current in branch B is, therefore, the differ- 
ence between 45 amperes and the current in branch A, or 
45 — 2».117(i = 16.8824 amperes. Ans. 

(41) (a) A kilowatt is 1,000 .watts or about 1^ horse- 
power, 

(6) 150 kilowatt = 150.000 watts. By formula 22, 



H. P. 



150,000 
' 74(i 



= 301. 072 horsepower. Ans. 



(42) 300 kilowatt = 300,000 watts. 
mula 19, we get 



By transposing for- 



C=^ 



250 



- ~ 1,200 amperes. Ans. 



(43) (a) A kilowatt-hour is a unit of electrical work and 
is equal to the total amount of work done when one kilowatt 
is supplied for one hour. 

(d) 110 volts X 40 amperes = 4,400 watts. f^JJ = 4.4 kilo- 
watts. The time is 9.5 hours. The kilowatt-hours = 4.4 
X 9.5, or 41.8 kilowatt-hours. Ans. See Art. 83. 
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(1) By formula 1, -£ = — -^ — . In this example, 

JV= 6,250,000 lines of force, 5 = 100 outside, or face, wires 
in series, for if 200 turns were wound around the core, 
there would be 200 outside, or face, wires and from 

Art. 23 one-half would be connected in series, and n = ' 

revolutions per second. Substituting these values in above 

. , . ^ 2 NS n 2X 6,250,000 X 100 X 1,200 

formula gives -fe = — —-i — = , »^ r.^» ^^^ — Trr-^ — -- 

^ 10" 100,000,000 X 00 

= 250 volts. Ans. 

(2) From Art. 36, it will be seen that the current in the 
shunt field of a dynamo is equal to the difference of potential 
between the brushes divided by the resistance of the shunt 

field circuit, or C, = -^-. In this example, £ = 220 volts and 

£ 220 
R, = 440 ohms; hence, C, = -^ = -r-r- = .5 ampere. Ans. 

i\g 440 

(3) An alternating current is one that is continually 
reversing in direction in a regular periodic manner, flowing 
first in one direction in a circuit and then in the other, while 
a continuous current is one that flows, without stopping, in 
one direction. See Arts. 13 and 14. 

§9 
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(4) In Aft. l^itm Mated that a carvent viD be induced 
in a closed oofl or cifcnit vdhcn tbcre is a diange in the nnm- 
fier of lines of foroe fttsni^ tfaroiqi^ that oofl or cinniit. In 
this case, as the magnrrir field is nnifonn, there is no change 
in the total mnnber of lines of force possii^ through, or 
enclosed bj, the oofl C udhcn it is moved from its original 
position to the position C\ as shown bj the dotted outlines; 
and, hence, no current will flow aramd the ring. 

(5) In this example, it is first necessary to determine the 
input in watts. Bj formula 4^ the input /= ^„ * — 

Of.d 

= 20,000 watts. Since S.6 per cent, of the input is used to 

excite the field magnets and the input is 20,000 watts, then 

the watts consumed in exciting the field magnets will be 

2*6 per cent, of 20,000 watts; hence, as in Art. 84» the field 

, 20,000X2.6 ^^^ ^^ . 
loss = — ' = 520 watts. Ans. 

lilU 

(6) In Art. 67. C. = f. In thi. e»«ple. C = ^ 

= 2 amperes. The watts lost in the shunt circuit are equal 
to the (lifTcrence of potential between the terminals of that 
circuit multiplied by the current in amperes flowing 
throuj^h the circuit; or, IV = £ X C, Substituting, we have 
/r 110X2 = 220 watts. Ans. 

(7) A (M)mmutator is usually a cylinder formed of a 
ntiinbcr of copper bars insulated from one another and run- 
iiin^ longitudinally or parallel with the axis of the cylinder. 
Hach Clipper bar is joined to the armature winding at regular 
intrrvalH and the commutator is fastened to the shaft of the 
urnuitut*c so as to rotate with it. 

The coinmutJitor is used to transform the alternating cur- 
ri^nt tiiat is generated in the armature coils of a dynamo so 
thdt u ct)ntinuous current may be obtained in the circuit 
(iXtiM'nul Xo the armature, or conversely to transform a con- 
tllutouH current that flows in an external circuit into an 
ttltrrurt ling current as it jKisses into the winding of a motor 
iU'iu«ituro, See Arts. 14 and 19. 
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1(8) Use formula 4. In this example, the input — 
> X 65,0 00 _ 
90.5 



- 71,833.2 watts. Since 1 horsepower equals 



» watts, then 71,833.2 watts equal ^-^^— = 96.38 H. P. 

Ans. 

|(B) If the current circulates in the direction indicated by 
; arrowheads, neither pole piece will be a north pole; for 
will be seen that the north pole of one field coil is 
>site the south pole of the other, and the lines of force 
■culate around the magnets without passing through the 
mature. If the winding of the right-hand coil were re- 
ersed, its top would be a north pole, and the top of the left- 
knd coil being also north, the pole piece /'would become a 
[orth consequent pole and P' a south consequent pole. 

(10) In this example, it is first necessary to change 
Be input from horsepower to watts. Since 1 horsepower is 
quivalent to 746 watts, then 10 horsepower are equivalent 

1 10 X 746 = 7,460 watts. Then, by formula 2, the effi- 
100 X 6,341 „^ ^ . 

"^ 7~460 ^ ^^ ' 

(11) From b to a through the conductor; for, by apply- 
ling the. thumb-and-finger rule given in Art. 8 as indi- 
fcated, it will be seen that the middle finger is pointing 
^ toward a from b. 

(12) In this example, it is first necessary to find the 
FiDput in watts. In this example, the output = 11,900 watts 

lod the per cent, efficiency = 86. Then, by formula 4, the 

|input = ^-ijT^ — = 1*.000 watts input. As in Art. 64, 

she watts lost are found by multiplying the input by the 

wrcentage of loss and dividing by 100. Hence, — ' — ~~- — ^ 

e 863 watts lost in core by eddy currents and hysteresis. 

Ans. 

(13) (rt) When a current is being generated in the arma 
1 dynamo, the reaction between this current and the 
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Unes ol force prodnced by tiie fidd opfwse the rotation of 
* tbe armature cottdncton, in but, it tends to rotate the 
armature in the opposite directioa. Iliis opposing effect of 
the current in the armature d' a dynamo is known as the 
counter torque of a dynamo. See Art. SS. 

(fi) I£ a conductor is forcibly moved, as in a dynamo 
armature, across a magnetic field in a given direction, say 
in the direction of the arrows a. a. Fig. ;t3, a current will 
flow in the conductor from c to c'. If this same coadoctor is 
not forcibly moved, but lies in this same field, and a current 
is sent through it in the same direction as before, that is 
^rom C to e", then the conductor will move across the field in 
the direction of the arrows d, b, if there is nothing to oppose 
its motion. The force causing this latter motion evidently 
will oppose the force producing the motion of the conductor 
in the dynamo armature. These two opposing forces are 
evidenUy present in a dynamo armature, the counter torque 
being the smaller, of course, else the armature would'not 
revolve. -See Art. 2B. 

(14) W= C r. In this example, C= 130 amperes and 
r = . 040 ohm ; hence, IV = 130' X . 040 = 576 watts. Ans. 

{15) Under " Field Losses," in Art, 66, the watts lost in 

the series coils is found by using the formula IV= C R. In 

this example, (7=40 amperes and ^=.04 ohm; hence, 

\V~ 40' X .04 = 40 X 40 X .04 = 64 watts, which represents 

the loss in the series coils. The watts lost in the shunt coil 

E' 
is given by the formula IV = -jj. In this case, £= 550 volts 

— 550 watts, 

which is the loss in the shunt field. The total loss in the 
fields of a com pound -wound dynamo is equal to the sum of 
the losses in the series and shunt coils. Hence, the total 
loss in this case is 64 + 550 = 614 watts. Ans. 

(16) When current flows in the armature conductors, 
he armature core is magnetized by this current in such a 
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direction as will produce lines of force exactly at right angles 
to the lines of force produced by the field, if the two magneti- 
sing forces could act independently of each other. But lilies 
of force cannot Cross each other, hence the two systems of 
lines of force rearrange themselves and produce, as a result, 
neutral points that are shifted forwards, in the case of a 
dynamo, in the direction of rotation when current flows or 
increases in strength in the armature conductors. See Art. 29* 

(17) Prom Art. 689 the total loss in a dynamo is the sum 
of the separate losses; hence, in this example, the total loss 
in watts is 366 + 178 + 863 + 483 + 50 = 1,870 watts. From 
Art. 59, the input to the dynamo in this case is 15,000 
+ 1,270 = 16,870 watts. By formula 2, the efficiency E 

100x15,000 ^ ^^ ^ s. S.U' ^- s, A 

= — -.. ^J^ — . or 98.19 per cent, at this output. Ans. 
16,870 

(18) From example 17, the loss in mechanical friction is 
356 watts, and the input is 16,870 watts; hence (see Art. 713), 

the percentage loss is „ , or 8.1881 per cent. Ans. 

From example 17, the loss in the core by eddy currents 
and hysteresis is 178 watts, and the input is 16,270 watts; 

hence, the percentage of loss is— -^-^^^;;r-~, or 1.094 per cent. 

1d,/o7U - 

' Ans. 

From example 17, the loss in the field coils is 263 watts, 
and the input is 16,270 watts; hence, the percentage of loss is 

263X100 . ^.aK .A 

" ifi^Th "» ^^ 1.6165 per cent. Ans. 

From example 17, the loss in the armature {C^ r) 
= 423 watts, and the input is 16,270 watts; hence, the per- 
centage of loss is — ^—7——, or 2.5999 per cent. Ans. 

From example 17, the sum of the separate losses is 

1,270 watts, and this is the difference between the input and 

the output; the input is 10,270 watts; then, by formula 8, the 

100 X I 270 
total percentage of loss Z = — r/." YrT.v ~» ^^ 7.8058 percent. 

^^'^^'^ Ans. 
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(19) From Art. 22, it will be seen that theclectroiiiodTe 
force generated in an armature is proportional to the specA, 
other conditions and quantities remaining unchanged. 
Hence, in this example, if £ repre sen ts the electiomotive 
force that is generated when the armature is driven at 
1,400 revolutions per minute, then, by proportimi, 440 : £ 
:: 1,S00 : 1,400, or £ x 1,200 = 440 X 1,400 ; therefore, 

£= Ii2j>|if2? = 518J volts. Ans. 

(20) They spark less than copper brushes, especially when 
the load is a variable one. See Art. 79. 

(21) Yes; because, Art. 1^ a change takes place in 
number of lines that pass through the coiL Prom the rule 
given in Art. 7, it will be seen that the current will circulate 
around the ring in the same direction as the movements of 
the hands of a watch; for the effect of the motion is to 
diminish the number of lines of force that pass through the 
coil, and the observer is looking along the magnetic field in 
the direction of the lines of force. 

(22) See Art. 42. 

(2.*J) The rate of cutting lines of force is found by divi- 
^\\\% the number cut by the time required to cut them; 

1 • .u- ^u ^ c 4^4.- • 8,000,000 

hen(!e, in this case, the rate of cutting is -^ — ^ — 

= ;J2, ()()(), ()()() lines of force per second. 

(24) Herause the solid iron core would act as a large 
(•oiKUu'lor cutting lines of force, thereby producing locals or 
eddy, currents in the core, heating it badly, and uselessly 
dissipating a large amount of energy. See Art. 16. 

(25) Yx(nxi Art. 5i!2, it will be seen that the electro- 
motive forre generated in an armature is proportional 
to the number of lines of force passing through the core. 
Let /: represent the electromotive force that is gener- 
ated when 1,25(),()()0 lines of force are passing through the 
core; then, by proportion, 200 : E :: 750,000 : 1,250,000, or 
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E X 750,000 = 200 X 1,250,000; therefore, E = ^^^yg^ooQ^^^ 
= 333J volts. Ans. 

(26) {a) See Art. 65. 

(b) See Art. 70. 

(c) See Art. 66. 

(27) Toward the side a\ for, by applying the thumb-and- 
finger rule given in Art. 26, and making the forefinger 
point in the direction of the lines of force and the middle 
finger in the direction of the current, the thumb will point 
toward the side a, 

(28) Use the formula given under ** Field Losses" in 

E 
Art. 67, C, = — ^, which is a modification of the formula 

^. 
E 
C= "o- In this example, E^ = 525 volts and r, = 650 ohms; 

hence, C, = — ^ = ttt^t = .8076 ampere. Ans. 
' r, 650 ^ 

(29) The increase in voltage from no load to full load 

is 124.2 — 115 = 9.2 volts, which is " — = 8 per cent. 

xio 

of the normal voltage. Therefore, the over-compounding 

is 8 per cent. Ans. 

(30) It is radiated from the surface into the surrounding 
air, and some of it may be conducted away through the shaft, 
bearings, and base. 

(31) See Arts. 34, 36, and 39. 

(32) From Art. 72, the percentage of loss in the core is 
found by dividing the number of watts lost in the core by 
the input and multiplying by 100. Reducing 64 horsepower 
to watts gives 64 X 746 = 47,744 watts. Consequently, the 

= 1.6756 per cent. Ans. 
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i,tl\^ \,\Ji. ^ Ai 


' 47,744 


(33) 


See Art. 


76. 


(34) 


See Art. 


43. 



OPERATION OF 
DYNAMOS AND MOTORS. 



(1) The dust from coal and from the machines men- 
tioned is very injurious to the bearings of engines and 
electrical machines and also to the commutators and general 
insulation of the latter. See Art. 1. 

(2) (a) Copper brushes are generally used on electric- 
light dynamos where the current output is large and the 
voltage low. 

{d) They are generally set tangential, or approximately 
so, never radially. 

(3) {a) Copper brushes are trimmed to fit the commuta- 
tor by shaping and filing them in an iron jig, properly 
shaped to fit the surface of the commutator. 

(i) Carbon brushes are usually made to fit the commu- 
tator by putting the brush in position and then drawing a 
piece of sandpaper (never emery paper) between the brush 
and the commutator against which the brush-holder spring 
presses the brush, the sanded side of course being next to 
the carbon brush. 

(4) The odor of hot oil around a machine usually indi- 
cates an abnormally hot bearing. 

(5) It may be due to the lack of power on the line or an 
open or short circuit in the field of the machine or in the 

§10 
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(6) To remedy a low bar it is usually necessary to turn 
down, file, or sandpaper the whole commutator to a smooth 
and true surface. 

(12) The commutator becomes rough, the brushes heat 
and spark, the belt squeaks, and the machine grows hot 
all over. 

(13) Severe sparking is caused and the circuit-breaker 
opened because the motor armature generates but little 
counter E. M. F., and forms practically a short circuit 
across the supply mains. In some cases the motor may 
speed up excessively. 

(14) A rotary converter may be started by connecting 
the alternating-current side to the line; by supplying the 
direct-current side with direct current from another rotary 
or from a storage battery ; by starting up the alternator. 
See Art. 89. 

(15) The other coils become warm. See Art. 41. 

(16) By holding a piece of iron near the armature; the 
piece of iron will vibrate when the coil passes it. See 
Art. 23. Another method is to use the device described in 
Art. 97. 

(17) (a) An unusually large deflection would indicate an 
open circuit in the armature coil whose terminals are sup- 
posed to be connected to the commutator bars upon which 
the testing clips rest. 

(f?) No deflection would indicate one of three things: 
either a dead cross in the coil connected to the commutator 
bars upon which the testing clips rest, or a cross between 
the two bars themselves, or that there was an open circuit 
in the same half of the armature in which the testing clips 
were being used, but somewhere else except between the 
test clips. A smaller deflection than that given by a good 
coil would indicate a partially short-circuited coil or poor 
insulation between the turns or between the commutator 
bars under the test clips. 
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(18) (d) If the pressure is greater than necessary, the 
wear on the commutator and the friction to be overcome 
will be unnecessarily great. 

{d) If the pressure is too small, there will be sparking 
and heating because of the bad contact between brush and 
commutator. 

(19) (a) Such scratches usually indicate that there are 
particles of hard foreign matter under one or more of the 
brushes. 

(i) The remedy is to remove the brushes and clean them 
thoroughly. 

(40) The brushes will play or bear over the whole wear- 
ing surface of the commutator, thus preventing the wearing 
of the commutator in ruts, 

(21) It would indicate that the bearings had worn down 
or that a field core had become loose, thus allowing the 
armature to rub against the core or pole piece. 

(23) (rt) In a dynamo, one field coil reversed would 
reduce the voltage and perhaps render the machine inca- 
pable of generating at all. 

(ff) In a motor, one field coil reversed would increase the 
current required to start the motor, would abnormally 
increase the speed after it is started, and would cause the 
brushes to spark. A motor with but two field coils may 
refuse to start or else start very slowly if one of its field 
coils is reversed. 

(33) All residual magnetism may have disappeared or 
the field and armature may be improperly connected 
together. Reversing either the armature or the field, 
not both, after they were once properly connected, would 
destroy whatever residual magnetism there may have been 
and, consequently, the machine would refuse to generate. 
For other causes and remedies see Arts. 49 to 52, inclu' 
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(24) Ordinary synchronous motors will not start up by 
themselves under load. They must be brought up to syn- 
chronism under no load, either by themselves, by switching 
on the line current, or by some outside source of power, as, 
for example, by a small induction motor. 

(25) It would indicate that the one armature coil was 
short-circuited. 

(26) A broad scratch around the surface of a commuta- 
tor indicates that probably one of the brush holders has 
been set too close or has become loose and slipped down, so 
that it touches the commutator. 

(27) An induction motor is started up by first seeing 
that the starting compensator, resistance, or other device is 
in circuit, then throwing in the main switch and cutting 
out the compensator or resistance as the motor comes up to 
speed. 
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HEAT AND STEAM. 



(1) It causes a rise in temperature, causes an increase in 
volume, and causes a body to change from a solid to a liquid 
or from a liquid to a gas, according to the state it is in when 
the heat is applied. See Art. 8. 

(2) When we speak of the temperature of a body, we refer 
to the condition of the molecules that compose it. If they 
are in a state of rapid vibration, the body is said to have a 
high temperature ; if they are moving slowly, it is said to 
have a low temperature. See Art. 3. 

(3) (a) A British thermal unit is the quantity of heat 
required to raise 1 pound of water through 1 degree Fahren- 
heit. See Art. 10. 

(ff) One B. T. U. is equivalent to 778 foot-pounds of 
work. See Art. 13. 

(4) If two blocks of wood are rubbed briskly together, 
they will develop heat. There are many other similar 
instances. See Art. 12. 

(5) (a) and (d) See Art. 16. 
(c) See Art. 14. 

(6) To raise 10 pounds of water from 74° to 75° requires 
10 B. T. U. Then, the specific heat of glass, according to 
Art. 16, is the ratio of 1.77 to 10, or .177 equals the specific 
heat of glass. Ans. See Art. 16. 

§11 



(~) Sincf it takes 1 B. T. U. to raise 1 pound of water 
through 1 degree of temperature, and when 1 pound of irawt 
falls 1 degree of temperature, it gives off 1 B T. V., 1,(X« 
pounds of water falling 1 degree of temperature will give 
off l.nilO B. T. U., and falling from 21-2° to 19-»'. or 20', 
will give off 1,000 X 20 = 20,000 B. T. V. Each poundof 
steam in being transformed into water gives off ils latent 
heat, SCfi B. T. U. ; 1.000 pounds give off 1. 000 X SM 
= HtSll.OOO B. T. U. ; so the whole amount of heat liberated 
by 1,000 pounds of steam at 212° in being transformed to 
"water at 1M2° is »66, 000 + 20,000 = 980,000 B. T. U. In 
order to raise 1 pound of water from 3-i° to 212'. it takes 
212° - 3*° = 180 B. T. U. Therefore. 986,000 B. T. U. »ill 
raise 986,000 -h 180 = 5.477.77 lb. of water from 32° to 21^. 

Ans. 

(8) Applying rule 8, Art. 19, the product of the weight, 
specific heat, and temperature of the water is 10 X 1 X !*0 
= ftOO: of the mercury, 15 x .0333 X 60 = 29.fJ7: of the 
alcohol, 30 X .60 X -10 = 480; and the sum of these products 
is WW + 3».il7 + 480 = 1,408.97. The product of the weight 
and spt-citic heat <if the water is 10 X 1 = 10; of the mer- 
cury, \:y X .o;i:!:i = .-P.IUH; of the alcohol, 20 X j:o = !■»: and 
Ihc sum of these products is 10 + .4995 + 12 = :;->.4!'H.i. 
Then the temperature of the mixture is 1, 409.97 -^ 22. -il'^o 
= 112-6);°. See Art. 19. 

(H) The quantity of heat contained in a mixture is the 
saniu as the ijuatitity of heat contained in the substances 
hefnre mixing. See Art, 19. 

(1(1) Using rule :i. Art. 20, and substituting, we have 

-.0 (iHlii + 212) + 4(10 X 5.5 _ 
^ - "20 + 400 " ---1«^-+T- Ans. 

(11) The lioiliiig pressure of a liquid varies directly with 
the pressure on its surface. See Art. 33. 

(12) (ir) Saturated steam is steam having the tempera- 
-r-v corresponding to its pressure. See Art. 23. 
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(b) Superheated steam is steam that is not in contact 
with water and is at a temperature higher than the boiling 
point corresponding to its pressure. See Art. 26, 

(13) See Art. 21. 

(14) According to rule 1, Art. 16, the heat required to 
raise the temperature of 10 pounds of ice from 25** to 32** is 
.504 X 10 (32 - 25) = 35.28 B. T. U. It requires 144 B. T. U. 
to change 1 pound of ice to water at the same temperature. 
To change 10 pounds of ice at 32** to water at 32** requires, 
therefore, 10 X 144 =1,440 B. T. U. Then, to raise the water 
from 32° to 212** requires, according to rule 1, Art. 16, 1 X 
10 (212 — 32) = 1,800 B. T. U. To change 1 pound of water 
into steam at the same temperature requires 966 B. T. U., 
and to change 10 pounds of water at 212** to steam at 212** 
requires 10 X 966 = 9,660 B. T. U. Therefore, to change 
10 pounds of ice at 25** to steam at 212** requires 

3 5.2 8 
1 4 4 0.0 
18 00.00 
9 6 6 0.0 



1 2 9 3 5.2 8 B. T. U. Ans. 

(15) See Art. 29. 

(16) 90 pounds gauge pressure = 90 + 14. 7 = 104. 7 pounds 
absolute pressure. The heat required to change water at 
the boiling temperature into steam at the same temperature, 
called the ** latent heat of vaporization," is denoted in the 
table by L, Now, referring to the table, we find that for 
fi = 104.7, L = 881.368. That is, it takes 881.368 B. T. U. 
to change 1 pound of water at 90 pounds gauge pressure 
into steam at the same pressure. To change 40 pounds 
requires 40X881.368 = 35,254.72 B. T. U. 35,254.72 
X 778 = 27,428,172 ft. -lb. Ans. 



TYPES OF STEAM BOILERS. 



(1) Boilers may be divided into three general classes: 
stationary, locomotive, and marine. See Art. 3. 

(2) See Art. 2. 

(3) Hemispherical heads are used because they do not 
have to be braced. See Art. 4. 

(4) {a) Plain cylindrical boilers are usually hung from 
girders above them. See Art. 4. 

{b) Vertical boilers usually rest on a foundation built in 
the ground. See Art. 26, 

(5) By a damper in the chimney. See Art. 6. 

(0) The fire-line should always be below the water-line. 
If the hot gases come into contact with the boiler above the 
water-line, the boiler will become unduly heated and will be 
liable to rupture. See Art. 6. 

(7) (a) The safety valve is to prevent the steam rising 
above a certain pressure, by automatically allowing some of 
it to escape when it reaches that pressure. 

(b) The steam gauge is to indicate the pressure of the 
steam within the boiler. 

(r) The water gauge is to show the height of the water 
in the boiler. See Art. 6. 

(8) The blow-off pipe is situated in the lowest part of 
the boiler, so that when it is opened the boiler may be 
entirely emptied of all water and sediment. See Art. 5. 
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(9) In the plain cylindrical boiler, the gases pass from the 
fire in front, under the boiler, and out to the chimney at 
the back. In the return-tubular boiler the gases pass from 
the fire in front, under the boiler, and returning through the 
tubes to the front, pass out to the chimney. See Arts. 6 
and 8, 

(10) In the return-tubular boiler the fire is underneath 
the shell, while in the Cornish and Lancashire boilers it is 
inside the shell. See Arts. 8 and 9. 

(11) The chief objection is the liability of the flues to 
collapse, owing to the steam pressure on the outside of them. 
They are, however, comparatively economical in the use of 
furl See Art. 12. 

(\^) By discharging the exhaust through the smoke- 
slack. See Art. 14. 

(i;j) The Babcock and Wilcox and the Root water-tube 
!)oilers have their tubes set at an angle with the horizontal 
in order to facilitate circulation. See Arts. 19 and 22. 

(14) The mud drum is located in the bottom of the main 
ilruni. In this location it is very hot and the heat tends to 
precipitate the impurities in the water. See Art. 23. 

(15) There are three drums and the tubes are nearly 
vertical. See Fig. 20, Art. 24. 

(\{\) The Hazelton is a water-tube boiler and is supported 
t'lUircly by its own foundation. See Art. 26. 

(17) In the Hazelton boiler, the tubes are short and 

straight with one end inserted in the upright cylinder and 

*ho other end closed. In the Morrin boiler, the tubes are 

vcd and both ends are inserted in the upright cylinder. 

Arts. 25 and 26. 

\) The Cahall is a vertical water-tube boiler. Circu- 
i is brought about by means of an external pip>e through 
n the water flows down, the heat driving it up through 
internal tubes. See Art. 27. 
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(19) The feedwater enters at the lowest point of the 
boiler. See Art. 28. 

(20) See Art. 30. 

(21) See Arts. 29 and 31. 

(22) Heat is transferred from the fuel to the water by 
radiation, conduction, and convection. See Art. 35. 

(23) When the circulation is rapid, the heat is transferred 
to the water much faster and less of it goes up the chimney. 
Rapid circulation also tends to prevent the deposit of sedi- 
ment and keeps the different parts of the boiler at a uniform 
temperature. See Art. 38. 



BOILER DETAILS. 



(1) Machine riveting makes a tighter joint than hand 
riveting, and as a general thing is cheaper. See Art. 3. 

(2) The rivet is generally ^ inch less in diameter than 
the hole before driving. See Art. 3. 

(3) About 1^ times the diameter of the rivet hole. See 
Arts. 2 and 3. 

(4) In a lap joint the edges of the plates are lapped over 
each other and riveted. In a butt joint the edges of the plates 
are faced off square, brought together, and another plate is 
put on one or both sides. It is then riveted to the shell on 
both sides of the joint. See Art. 4, 

(5) The distance from the center of one rivet hole to the 
center of the next is called the pitch. See Art. 5. 

(6) According to Art. 7, the thickness should not be less 
than i X i = -f^ in. Ans. 

(7) In designing externally fired boilers, care should be 
taken to keep the joints as far as possible from the fire. 
See Art. 8. 

(8) Inside laps should face downwards so as not to form 
a ledge for the collection of sediment. See Art. 8. 

(9) Punched holes are cheaper, but do not make as good 
work as drilled holes. See Art. lO. 

(10) Calking is the operation of driving the edge of the 
upper plate down close to the lower plate of a joint and is 
done to form a tight joint. See Art. 11. 
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(11) The longitudinal joints most be made stronger than 
the transverse, as there is abont twice as much strain on 
them. See Art. 13. 

( 1 2) The efficiency of a joint is the ratio of the strength 
of the joint to that of the solid plate. It is expressed in 
per cent, of the strength of the solid plate. See Art. 16. 

(13) A safe ratio of working to bursting pressure is 
1 to 5. See Art. 19. 

(14) Using rule 3, Art. 19, and substituting, we get 

^ ft X 50,000 X 76 ,^. .. ,, . . 

p = - — 17777 n = 105.55 lb. per sq. in. Ans. 

' 500 X V *- T 

(15) Applying rule 2, Art. 18, we get 

^ ft X 50,000 X 76 ^.^ -, ,, . . 

/ = ' — rrd n = 527.7 lb. per sq. in. Ans. 

' 100 X V ^ ^ 

(16) Applying rule 6, Art. 30, we get 

^ iX 55,000 .0001U A 

p = ^-— \-^ — = 183.3 lb. per sq. in. Ans. 

^ 5 X V *- ^ 

(17) Crowfoot braces are used chiefly to support the 
heads of stalionary boilers. See Art. 24. 

(18) {a) A gusset stay is made by riveting a plate to two 
pairs of angle irons riveted, one to the head and one to 
the shell of the boiler. See Art. 26« 

{h) See Arts. 29 and 3(). 

(11^) Tubes 5 inches in diameter and less are expanded 
into the holes by a tool made for the purpose. Tubes over 
5 inches in diameter are riveted to the heads. See Art. 32. 



BOILER FITTINGS. 



(1) The purpose of the safety valve is to prevent the 
steam pressure from rising above a certain point. See 
Art. !• Safety valves are weighted by (a) a dead weight; 
(I) 2L weight on a lever ; (r) a spring. See Art. 2. 

(2) Spring safety valves are generally used on locomotive 
boilers. See Art. 5. 

(3) The dead-weight safety valve is not likely to be 
overloaded on account of the size of the weight it would 
require to overload it. See Art. 3* 

(4) It should be amply large and have a drain pipe at its 
lowest point. See Art. 9, 

(5) No. No obstruction of any kind should ever be 
placed between a boiler and its safety valve. See Art. 9. 

(6) 80 pounds absolute pressure is equal to 80 — 14.7 
= 65.3 pounds gauge pressure. Now, if the steam exerts a 
pressure of 65.3 pounds per square inch on 15 square inches, 
it will exert a total pressure on the valve of 65.3 X 15 
= 979 5 pounds. Hence, the valve will be on the point of 
blowing off when the weight is 979.5 lb. Ans. 

(7) Using rule 1, Art. 14, and substituting the values 
given in the example, we get 

P= — ^— p5 = 62.79 lb. Ans. 

Note. — To find the value of «/. The downward pressure due to 
the weight of the lever is found by multiplying its weight by tt 
distance from the fulcriim to its center of gravity and dividing by t 
distance from the fulcrum to the center line of the valve. The cer 

§14 
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of gravity of a straight parallel lever such as we have here is at its 

center, or at a distance from the fulcrum equal to half its length. 

15 X 18 
Hence, — - — = 67.5 pounds equals the downward pressure due to 

the weight of the lever. The value of w is found by adding this 
pressure to the weight of the valve and stem, so a/ = 67.5 -h 6 
= 73.5 p>ounds. 

(8) Using rule 3, Art. 15, and substituting, we get 

IV= M2iI5 - 7Mi =103.31 lb. Ans. 

32 

(9) Using rule 2, Art. 14, and substituting, we get 

, (4.25' X .7854 X 90 - 108.5) X 4 ^^ ^, . . 

L = ^^ r^-r = 38.94 in. Ans. 

The downward pressure 7i' due to the weight of the lever, 

18 X 21 
valve, and stem is — j \- 14 = 108.5 lb. 

(10) The tube is elliptical in section, so that when the 
fluid is forced into it under pressure it will tend to become 
round and straighten out, thus moving the pointer to which 
it is attached. See Art. 16. 

(11) The dials of pressure gauges are graduated to read 
[)()unds pressure per square inch above the pressure of the 
alinosphere per s(iuare inch. See Art. 17. 

d*]) It indicates that the pressure in the vessel to which 
the Ka^Rc is attached is equal to 30 inches (atmos{)heric 
picssure) — '20 inclies = 10 inches of mercury, or that the 
pressure is 10 X .4U — 4/J lb. absolute. See Art. 18. 

(i:{) In (^onnectini^ a K'^^i^^' ^'^ *^ boiler, the connecting 
pi|)e should be so bent as to i)r()teet the spring from excess- 
i\c heal. Care should be taken to prevent a column of 
water from pressini:: on the spring and thus indicating a 
lalse i)rt*ssure. See Art. t^O. 

(11) The lowt'st cock in a return-tubular boiler should be 
placed about ;5 inches above the upper row of tubes. See 

Art. a7. 

"5) Because the lower fittinir is connected with the 
tr space and the upper fitting with the steam space. 
Art. 28. 
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(16) See Art. 32. 

(17) The fires should be drawn and the boiler immedi- 
ately relieved of pressure until the trouble is remedied. See 
Art. 33. 

(18) See Arts. 36, 37, and 38. 

(19) Plug cocks packed with asbestos. See Art. 43. 

(20) The fluid can flow through a gate valve with less 
resistance than through a globe valve. See Art. 49. 

(21) Check-valves are used where it is desirable to have 
the fluid pass through in one direction and not return. See 
Art. 50. 

(22) Domes increase the steam space and are believed to 
allow the steam to become dry. See Art. 64. 

(23) The dry pipe is located inside the boiler near the 
top of the shell. See Art. 58. 

(24) Manholes and handholes are made elliptical to allow 
the covers to be put in and removed. See Art. 64. 

(26) By means of floats. See Art. 70. 

(26) Suction pipes should be as short and free from 
bends as possible and perfectly air-tight. See Art. 77. 

(27) Feedwater should be discharged into the boiler in 
the form of spray, and it should not be discharged on any 
part that is very hot. It should be so discharged as to aid 
the circulation. See Art. 86. 

(28) It is generally about 1:1. See Art. 88. 

(29) The furnace doors have to be kept open while the 
grates are cleaned, allowing cold air to come in contact with 
the heated shell. See Art. 93. 

(30) The bridge is built for the purpose of keeping the 
hot gases in contact with the heating surface of the boiler. 
See Art. 97. 

(31) The damper regulator controls the volume and 
velocity of the gases passing up the chimney, and this reg- 
ulates the intensity of fire and the steam pressure. See 
Art. 98. 



Combustion, Firing, and Draft. 



(1) (a) Elements are substances that have never been 
decomposed into other substances. 

(d) Compounds are substances that can be decomposed 
into other substances. 

(c) A mixture is a substance formed by two or more sub- 
stances that are in contact with each other, but which do not 
combine. See Arts. 2, 3, and 9. 

(2) Equal volumes of gases at the same pressure and 
temperature contain equal numbers of molecules. See 
Art. 5. 

(3) The atomic weight of a substance is the ratio between 
the weight of an atom of the substance and an atom of 
hydrogen. See Art. 1. 

(4) Combustion is the chemical combination of oxygen 
with carbon, or hydrogen, or both. See Art. 10« 

(5) {(j) When carbon and oxygen are brought together 
under the influence of heat and there is a sufficient supply of 
oxygen, carbon dioxide is formed. See Art. 11 • 

(b) If there is not a sufficient supply of oxygen present, 
carbon monoxide is formed. See Art. 13. 

(0) The chief element in the composition of all fuels is 
carbon. See Art. 18. 

(7) The heat of combustion of this coal, according to 
rule 3, is B = Ur, X T4 + ()20 X « = 15,704 B. T. U. The 
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I Tattle sh<jws iha: tt uk« 3*iH B. T. l". to change 
1 pond at vatcr at SU* into iteain at 9U*. Therefmv, 
1^?« R T. U. win e wj i i u i. tl e 1^784 -^»S6 = 16. » lb. 
Am. See Alt. IC 

(8) A b^ t em p er ati ire k condaciTe to comfdete com- 
boitian and causes tbe water to take np beat faster than- 
low tqn p ei anii c ik . See Art. 17. 

(9) Semi-aiithiacite oool will mb off wfaile antbradte will 
notdoaa SecAit.3S. 

(10) Antbracite coal "■■»**"« mMe fixed carbon and less 
<rf the Ttrfatile bTdrocarbons tban any other coal, while 
bttnminoos onl contains les fixed carbon and more o{ the 
Textile hjrdrocarbons than anj other kind. See Art. 10. 

(11) Caking coal, when homed, fuses together in a stdid 
mass. See Alt. S4. 

(12) OA« is the sabstance that is left after the ▼<datile 
hydrocarbons have been driven fimn bituminoas cioaL See 

Art- 37. 

(13) See Arts. 35, 36, 37, 38. 

(1+) Gas explosions are caused by the hydrocarbons 
becoming mixed with the air in certain proportions and tbe 
mixture becoming ignited. They may be avoided by firing 
light, by alternate firing, and by always leaving some part of 
the fire uncovered when putting in fresh coal. See Art. 39. 

(15) Air is supplied to the furnace by means of a chimney 
or by means of a fan or blower. See Art. 40, 

(tH) The draft in a chimney is caused by the difference 
in temperature of the gases inside and outside of it. See 
Art. 41. 

(17) The pressure due to the draft is measured in inches 
iif water by means of a water gauge. See Art. 43. 

il«) Artificial draft is produced by means of steam jets 
or by mechanically driven fans. See Art. 46. 
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(19) See Art. 45. 

(20) Fan blowers are more costly to install, but they 
cost less to operate than steam jets. See Arts. 46 and 63. 

(21) See Arts. 50, 51, 52. 
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then to the page of the section. Thus, ** Alternators 10 66" means that alternators 
will be found on page 56 of section 10. 



it 



(t 



A. Sec. Page, 

Absolute pressure 11 18 

** pressure 14 13 

Adjustable arms of Wheat- 
stone bridge 8 41 

Advantages of mechanical 

draft 15 24 

Air required for combustion.. . 15 6 

Alarm, Fusible-plug 14 32 

" Low- water 14 32 

*• Reliance high- and low- 
water 14 32 

Alternate system of firing 15 17 

Alternating current 9 16 

current dynamos.. 9 55 

current machinery 10 66 

current motors 10 58 

Alternators 10 56 

*' in parallel 10 57 

Amber 8 1 

Ammeter 8 30 

" Weston 8 30 

Amount of magnetism 8 19 

Ampere 8 26 

*' International 8 27 

" meter 8 30 

" turns 9 44 

Angle irons or T irons, Hracing 

with 13 18 

" valve 14 85 

Anthracite coal 15 12 

coal, Sizes of 15 12 

" coal, Trade names 

of 15 12 

Apparatus, Blow-oflf 14 22 



(i 



t% 



Page, 
50 

50 



52 



Sec. 

Applications of Ohm^s law 8 

" of Ohm's law to 

closed circuits.. 8 
of Ohm's law to 
drop or loss of 

potential 8 

of Ohm's law to 

derived circuits 8 65 
** of Ohm's law to 

voltaic cells.... 8 

Argand steam blower, McClave 15 

Armature 8 

Careof 10 

defects, Testing for. 10 

Heating of 10 

losses of dynamo. ... 9 

of dynamo 

of dynamo ^ 

reaction 9 

reaction 9 

Arrangement of feedpipes 14 

^* ofjointsand 

plates 18 

Artificial draft 15 

" magnets 8 

Atomic weight 15 

Attachments 12 

Average efficiencies of riveted 

joints 18 

Axis of magnetism 8 



t» 



it 



(» 



44 



ii 



44 



44 



68 
23 
14 
20 
69 
20 
78 
83 
63 
34 
39 
36 

5 

20 

14 

4 

1 

13 
15 



Babcock and Wilcox water- 
tube boiler 12 



Sec. Page, 



18 



VU 



Stt.f 

Coal, Stna of uthradta IS 

" SIna of MtBminoDs ud 

Cock, Blow-oS ... M 

Cocki,0*ns« t< 

CoaBdaiit <■( Tampintara 8 

ColLBicltlDC... 

■• SHCondary » 

•■ Standard otam 8 

Coka IB 

CokliiSTiystimaCGring U 

Colloclorufdynnmu » 

TldK ■ 

CtiWBD, WaMT 14 

ComUsulaa by walght, ClMm> 

leal IB 

CiMmleal IB 

ComblBatloDa, Lawa of ch>al> 

eal IB 

1, Atr rcqnlrad (or.. IS 

Blamanta of IB 

i!rinK,«i.U<ll-tl.. IS 

Haatof. IS 

ProdBctiof. IS 

TampMUarv*!.. IS 

Tlworraf. IS 

>r • 

g 

Caraor 10 

BlKhbanoa IB 

Low ban on It 

of dynanu 

TO advaot) 

watar^uba Mid fUo<tiibe 

bnilar*. 1 

CorapanaaUai Hug: 1 

Compoimd dynaino 

Componnda l 

Cnnd action I 

L'linJiirlJvllyaf conductor 

Conilmitir Direction of Ifnea 

CoDdacton 

inaerieii 

" Joint cnnductivlty 

of, . 

ConneotinK buNer plates, Mcth- 

(itlBUf I 








flKlNtf 









^ ^ f ^ * * 



* * f * * * 



■ J t t f ^ f ^ 



tt 

li 
It 
i « 



AH4fftit«»f»lf,.-. 

/'/f/*;^ »<//»•,,,, 

y 'k\^4*\\u^ , . , . ,,, ,. .. 

t'ti * ntttftiicih of ,,, 

' *ntt4t,*^ t'o*t' ftu\f , ,,,, 

i:y)(f»'t/i' «J »/'/)l«fr. I'luln ...... 

Uttttn»ttt tt'tfu\t^*tttit .. .... 

|N.«*1 |»|fif«» , , , , 

IX'M'I w».IkI»» *i«f«»ly vmIvw , 
|i»'»n»ll y, Mmk'M'II* 

" »»r «ih»HMi 

I»Mf IVM«1 «lM »iM , . . ■ 

" I'M) Ullq, A|iplli'nliiitl rif 

( Itiitro Ikw (ii 

I h'li(il>i iif lMil|r>t n 

I MmuoMmI Illicit iiT rIvptN 

MirtVK 



n 

n 
n 



f 

4 

17 
Id 

M 

Id 
Sil 
11 

m 
I 




14 44 



H 

H 
H 

fl 

II 

H 

H 
1» 
18 
18 



45 

44 

1 

10 
17 
18 

M 
1 
4 

10 



pCacatMi «€ Ohs'ft Isv to • 

f 

M 

U 

DfT'lMMrk Scocdi boiler IS 

- pipe- M 

** wmtunted MUmm 11 

Dr»dgtca roller tube-expander IS 

DjtUitDO 9 

** A r mat are of 9 

** Armatiire of 9 

** Armatare losses of . . . 9 

Bipolar 9 

•♦ Collector of 9 

** Commutator of 9 

•* Compound 9 

** Compounding of. ... 9 

*• Core losses of 9 

** Countertorqueof .... 9 
** failing: to generate, 

Reason for 10 

** Field losses of 9 

•* Frameof 9 

* ' Friction losses of 9 

** Internal pole 9 

" Loadofa 9 



S7 
IS 

SB 
14 



78 
64 



61 
64 

78 



87 
75 
68 
78 
61 
48 



INDEX. 



XI 



Sec. 

no, Magnetic field of 9 

Mechanical construc- 
tion of 9 

Over-compounding of 9 

Physical theory of . . . . 9 

Separately excited.... 9 

Series 9 

* Shunt and series 9 

" Terminals of 9 

aamos. Alternating-current. 9 
and motors. Erection 

of 10 

*' and motors. Founda- 
tions for 10 

^^ and motors. Location 

of 10 

*' and motors, Starting 

up 10 

'* Constant-current.... 9 

** Constant-potential.. 9 
** Driving mechanism 

of 9 

** Efficiency of con- 
stant-potential 9 

Heating of 9 

" Installation of 10 

Multipolar 9 

'^ Sparking of 9 

•* Types of 9 

B. Sec. 

Earth circuit 8 

Effects of heat 11 

Efficiency of a joint 13 

** of constant-potential 

dynamos 9 

Electric charge 8 

** current, Direction of 

flow of 8 

** machinery. General 

care of..... 10 

'* series 8 

Electrical power 8 

** quantity 8 

'* unit H 

'* work 8 

Electricity 8 

Electrodes H 

Electrodynamics 8 

*' H 

Electrolyte 8 

Electromagnet H 

Ct)re of H 

" Horseshoe S 

Iron-clad K 

»* Yoke oi .... H 



Pa/Ft. 
88 

61 
54 
9 
43 
49 
51 
54 
55 

8 

2 

1 

8 
55 
56 

57 

«9 

81 

1 

56 

81 
55 

Pag^e. 

13 

9 

18 

69 
3 



9 

5 

63 

GO 

a6 

61 

1 

9 

3 

6 

9 

i»3 

2.3 

24 

•r* 

24 



Sec. Pafre. 

Electromagnetic induction .... 9 1 

** induction.... 9 5 

Electromagnetism 8 10 

Electromotive force 8 26 

** force. Practical 

unit of 8 45 

*' series 8 10 

Electrostatics 8 8 

Elements 15 1 

Galvanic 8 9 

'^ of combustion 15 5 

Voltaic 8 9 

Energy losses 9 70 

Erection of dynamos and mo- 
tors 10 3 

Ether 8 1 

Evaporation 11 13 

Exciting coil 9 6 

Expander, Dudgeon roller 

tube 13 23 

Explanation of steam table 11 18 

Explosions, Gas 15 18 

External circuit 8 13 

*' feed system 14 35 

Externally fired boilers 12 8 



F. 

Fahrenheit thermometer 

Failure of motor to start 

Fastening tubes to hcuds 

Faults, Testing for 

Feedpipe arrangement 

Feedpiping 

Feed system, Externul 

" system, Intcrnul 

Field boiler 

Field-coil troubles 

coils 

coils. Grounded 

coils, Moisture in 

coils, Testing for open- 
circuited 

losses of dynamo 

Mxignctic 

magnets 

magnets, Types <»l bi- 
polar 

*' magnets, Typt's oi imilti- 

polar 

" <ir armature. \Vr<>iiv'. (. "H- 

jiertioii «if 

" Shi>rt cinruir in ... 

" lubes 

Fireb«tx l)«>;lcr 

Fire-tube b"ilers 

Firing 






Sec. Page. 
11 2 
47 
22 
64 
86 
35 
8r) 
88 

;« 

29 
24 
33 
33 

r>t 
:r> 
i({ 

42 

M 

r.i 



10 
13 
10 
14 
11 
14 
14 
12 
10 
10 
10 
10 

10 
9 

K 
9 

9 

U 

H' 

IH 
IJ 
IJ 

Vl 



1 



i 






Fifing, AttefiuiietyitciB of.... 16 17 

** Cokiactjritcmof 1ft M 

** Spreadbiffsystenof... 15 17 

«* SyitoiiisofliAiid IS 1ft 

Fittiiigs, Bolter. Ift 1 

•• Boilor 14 1 

•* Funuuso M m 

FlfttmtffMoi,8Uyfogof It li 

Flow of an eleetrlc cnrrest, Di- 

rtetion of.... 8 7. 

Flttoboiler Vt ft 

** Iforiion sn^oiiiloD fur- 
nace IS 11 

FljrlngcroM 10 SS 

Foot-pound 8 61 

Forceddraft 1ft 80 

Force* Blectromotive 8. 88 

** Magnetizing 44 

Forms of riveta 18 1 

Foncault currents 80 

Foundations for dynamos and 

motors 10 8 

Frame of dynamo 88 

Friction losses of dynamo. 98 

Fuels used in steam making. .. 18 11 

Furnace 18 1 

" fittings r 14 80 

" flue, Morison suspen* 

sion 12 11 

Fusibleplug 14 20 

" plug alarms 14 32 

Fusi'^n, Latent heat of 11 9 

0. Sec. Page. 

Galloway boiler 12 10 

Galvanic cell 8 9 

" elements 8 9 

Galvanometer 8 28 

Gas explosions 15 18 

♦' Natural 15 16 

" Waste 15 16 

Gate valve 14 26 

Gauge, Bourdon pressure 14 12 

" cocks 14 16 

*' Compound steam 14 13 

Draft 15 20 

*' glass 14 16 

*' glass and water column, 

Use and care of 14 18 

*' Graduations of pressure 14 12 

Steam 14 12 

" Use and care of steam.. H 14 

" Vacuum 14 12 

General care of electric ma- 
chinery 10 9 

Girder stays 18 21 



.., 14 

Globe ▼alvo 14 

Qmd— tten of preeanre gnugoa 14 

Grata ., 14 

«* HerringlMNie..... 14 

^ McClave shaking 14 

•• 8hakii[« . 14 

GroQttd-retttrn circuits......... 10 

Grounded drcttlt.... ., 8 

** fleldooila 10 

Grounds b e t wee n i^bidiag and 

frame, Testing for.... • 10 

Gussetstays 18 



H. Sec, 

Handhole ^ 14 

Harrison safely boner......... It 

Haaertton boUflir ^ IS 

Header of water-tube boiler. . . 18 

Headt Su bm erged. ; IS 

Headofaboiter...;... IS 

Heada,Faafcenlng tubes to 18 



18 
94 



41 
48 

88 
18 



18 



Heat.. 



•« 



and work, fUtetkm be- 



ll 



11 
11 
11 



BffscU^f'. 

Latent 

Measurement of 11 

Mechanical equivalent of 11 

Nature of 11 

of combustion 15 

of fusion, Latent 11 

of steam. Latent 11 

of steam, ToUl 11 

of substances, Table of 

specific 11 

of the liquid 11 

of vaporization, Latent.. 11 

of vaporization, Total .... 11 

Sensible 11 

Specific 11 

Transmission of 12 

Heating of armature 10 

*^ of dynamos 9 

*' surface 12 

Heine water-tube boiler 12 

Herringbone grate 14 

High bars on commutator 10 

Holes, Rivet 18 

Hollow forged stay bolts 18 

Horseshoe electromagnet 8 

Hunting of rotary converters. 10 

Huston crowfoot brace 18 

Hydraulic regulator, Spencer. 14 

Hysteresis 9 



18 

17 

1 



8 
8 
8 
5 
6 
1 

9 
9 
17 

9 
17 
17 
17 

5 

7 
83 
20 
81 

1 
21 
41 
18 

9 
80 
84 
88 
17 
45 
74 



iDdoeed draft IS 

Induction, Elaclronugnetic .... ■ 

BlectrDmagnBtic .... 9 

tlasnetk S 

mown 10 

HbiiuI • 



ro^Uancc of vc 

Mils 

" tcedsrMem 

InCemally And bullnn.... 
International amp«r* 





itynlo. 


nducl- 


EOciency 
Lap-rivet 


veted 1 


P 


d 




and pi. 


"»• A 


rrang*. 


Average 


efficier 


ci» oi 









Joamalsor bearlDganf dynan 



Lamp, Pilot 

Lancashire boiler 

Lap Joint, Double rivet. 

■■ riveted joint 

Latent heat 



" of force. Direction of, 
around a condDclur.... 
Liquid. Heat of the 1 

LoL-aiinsstiorl -circuited arma- 

turecoils 1 

Location of dynaiiins and mo. 

tor« 1 

Irfwomotive boiler 1 

i-odeatone 

lAiis of reaidual ms)tneli«n.... I 

Low bars on cominuialor I 

■■ speed 1 

'■ water alarm, Reliance 

high-and 1 

■■ waleralarins 1 

M. Si 

Magnet, Neutral line of a 

" North pole of a 

Magnets 

Artificial 

Field... 

Permaoeni 

■ den'ity 

field 

field of dvnamo 

force, Lines of 

Magnetisin 

Amount of 

Losanf rcHiUiml,... I 

R.'sidUHl 1 

MngneliilnRiMil 

M,-i«nrlo-niaehine 

Manhole 1 

MoClave nrnand Mcam blower 1 

^hakinKftraic 1 



INDEX. 



Sec. Page. 

oiler It 25 

crushes and brush 
10 45 

8 6 

8 (» 

•ical 8 6JI 

it of electromotive 

8 45 

bsolute 11 IS 

id temperature of 

steam 11 14 

Ltge, Bourdon 14 12 

jji^e graduations... 14 12 
\ boiler. Safe work- 

ng 13 14 

eoretical bursting. 13 12 
bursting and safe 

18 12 

1 9 6 

combustion 15 6 

f saturated steam. H 16 

f steam 11 13 

Trent 9 18 

afety valve 14 1 

Q. Sec. Page. 

ectrical 8 60 

magnetism 8 19 

R. Sec. Page. 

les 10 11 

, 12 33 

.ynamos failing to 

10 37 

>amper 14 44 

ipencer hydraulic 

damper 14 45 

tween heat and 

11 6 

ignetism 10 37 

ignetism, Loss of. 10 37 

ox 8 31» 

pecific electric 8 30 

Jnit of electrical .. 8 31 

larboiler 12 6 

8 30 

testing pmi)osrs. 10 7'J 

i^: 8 40 

nsjition II *«iO 

...«••• «' ^>^ 

;-r-tubc holier Yi. 18 

13 9 

ts 13 3 

ts, Avt'ra.v;:e effi- 

>rui^'Si,f 13 13 



Sec. 

Riveting 13 

Chain 18 

** Staggered 18 

*• Zigzag 18 

Rivets, Diagonal pitch of 18 

Formaof 18 

*' Pitchof 18 

Roller tube-expander. Dud- 
geon 18 

Root water-tube boiler 12 

Rotary converters. Hunting of 10 

** transformers 10 

** transformers. Starting 

of 10 

Rules for safety-valve calcula- 
tions 14 

** of Board of Supervising 

Inspectors 13 

S. Sec. 

Safety boiler, Harrison 12 

'* valve 12 

** valve 14 

" valve, Calculations re- 
lating to 14 

** valve calculations, 

Rules for 14 

*' valve, Dead -weight 14 

'* valve. Lever 14 

" valve. Purpose of 14 

** valve. Spring 14 

" valve. Use and care of. 14 

'* valve, Weighting of 14 

Safe working and bursting 

pressures 13 

" working pressure of a 

boiler 18 

Salient poles 9 

Saturated steam 11 

" steam, Dry 11 

*' steam. Properties of 11 

** steam. Wet 11 

Saturation, Magnetic 9 

Scotch boiler. Dry-back 1"^ 

Secondary c»)il 9 

Sectional boilers Vi 

Sclf-cxcitinjir shunt dynamo... 9 

" imluction 9 

Serai-anthracite coal 1.") 

*' bituminous coal l.'i 

'* bit u m i n o u s and semi- 
anthracite coal, Sizes 

.>f 15 

Sensible heat.. 11 

Separately excited dynamo.... 9 

Series dvnatno 9 



XV 

Page, 
1 

4 
4 
4 
4 
1 
3 

22 

90 
68 
61 

61 

9 

15 

Page. 

20 

4 

1 



9 
1 
2 
1 
3 
4 
1 

12 

14 
55 
14 
14 
16 
15 
45 
18 

G 
17 
Ai\ 

5 
12 
13 



13 

5 

43 

49 



INDEX. 



XV 



Sec. Page, 

Porcupine boiler l!i 25 

Position of brushes and brush 

holders 10 45 

Positive charge 8 4 

Potential 8 6 

Power 8 (J8 

•* Electrical 8 (» 

E'ractical unit of electromotive 

force 8 45 

Pressure, Absolute 11 IS 

*^ and temperature of 

steam 11 14 

** gauge. Bourdon 14 13 

" gauge graduations... 14 IS 
" of a boiler. Safe work- 
ing 18 14 

'* Theoretical bursting. 13 13 
Pressures, Bursting and safe 

working 18 12 

Primary coil 9 6 

Products of combustion.. 15 6 

Properties of saturated steam. If 16 

** of steam 11 18 

Pulsating current 9 18 

Purpose of safety valve 14 1 

Q. Sec. Page. 

Quantity, Electrical 8 80 

** of magnetism 8 19 

R. Sec. Page. 

Radial brushes 10 11 

Radiation 12 88 

Reason for dynamos failing to 

generate 10 87 

Regulator, Damper 14 44 

** Spencer hydraulic 

damper 14 45 

Relation between heat and 

work 11 6 

Residual magnetism 10 37 

" magnetism, Loss of. 10 37 

Resistance box 8 89 

** Specific electric... 8 36 

" Unit of electrical.. 8 31 

Return-tubular boiler 12 6 

Rheostat 8 39 

" for testing purposes. 10 72 

'♦ Plug 8 40 

Ring, Compensation 14 29 

'* core 9 22 

Riser of water-tube boiler 12 18 

Rivet holes 13 9 

Riveted joints 13 3 

" joints, Average effi- 
ciencies of 13 13 



t» 



u 



»l 



(I 



il 



Safe 



tt 



S. Sec. 

Safety boiler, Harrison 12 

'* valve 12 

valve .. 14 

valve. Calculations re- 
lating to 14 

valve calculations, 

Rulesfor 14 

valve, Dead -weight 14 

valve. Lever 14 

valve, Purpose of 14 

valve. Spring 14 

valve. Use and care of. 14 

valve. Weighting of . . . . 14 
working and bursting 

pressures IS 

working pressure of a 

boiler 18 

Salient poles 9 

Saturated steam 11 

" steam. Dry 11 

*' steam. Properties of 11 

" steam, Wet 11 

Saturation, Magnetic 9 

Scotch boiler. Dry-back 12 

Secondary coil 9 

Sectional boilers 12 

Self-exciting shunt dynamo. .. 9 

" induction 9 

Semi-anthracite coal 15 

** bituminous coal 15 

" b i t u mi n o us and semi- 
anthracite coal. Sizes 

of 15 

Sensible heat 11 

Separately excited dynamo.... 9 

Series dynamo.... 9 



Sec. Page, 

Riveting 18 

Chain 18 

*• Staggered 18 

Zigzag 18 

Rivets, Diagonal pitch of 18 

Formsof 18 

" Pitchof 18 8 

Roller tube-expander. Dud- 
geon 18 28 

Root water-tube boiler 18 80 

Rotary converters. Hunting of 10 68 

*' transformers 10 61 

**" transformers. Starting 

of 10 61 

Rules for safety-valve calcula- 
tions 14 9 

^* of Board of Supervising 

Inspectors. 13 15 



Page. 

89 

4 

1 



9 
1 
8 
1 
8 
4 
1 

12 

14 
55 
14 
14 
16 
15 
45 
18 

6 
17 
4(1 

5 
12 
13 



18 
5 

43 

49 



u 



